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These gears demonstrate basic advantages secured tently long, dependable performance of Nickel 


by using Nickel alloy steels... alloy steels in heavy-duty service, make their 









economy self-evident. Improve your products or 






Steels that not only provide increased resistance -— 
equipment by specifying vital parts in Nickel 






to shock and high tooth pressure . . . but, in addi- 





alloy steels. 





tion, are readily machinable and respond to heat 





treatment with minimum distortion. 












Pinions, gears and shafts of the Nickel-molyb- 






denum steels used in this transmission provide ex- SERVICE 


ceptionally hard carburized surfaces over strong, 
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I ypes 4620 and 4820 steels are supplemented Over the years, International Nickel has accumulated a fund 
of useful information on the selection, fabrication, treatn 
and performance of engineering alloy steels, stainless st« 
cast irons, copper-base and other alloys containing Nic 
This information is yours for the asking. Write for "List A 
of available publications. 
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Discussion of the finer points of precision investment 
casting. The effects of alloys, location of feeders, rec- 
ommended limits on physical dimensions and the machin- 
ability of castings are considered. 
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tributions and design weaknesses startlingly different 
from the expected. Although these techniques are used 
by the aviation and automotive industries as everyday 
tools, there are many possibilities for profitable applica- 
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tions in other design fields. 
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“How to Organize for Experimental Stress Analysis” 
is a 24 page insert that will orient product development 
engineers in these aids to better design. Advantages, as 
well as limitations, of the various techniques are dis- 
cussed. Equipment requirements, costs and applications 
are given. Design possibilities are illustrated by stress 
analysis studies on products ranging from firearms 
through ships. 
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cludes design pointers, influence of materials on brazing 
method, and physical properties of brazed joints. 
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scrap in fabricated parts. Down-to-earth guidance from 
E. F. McCaleb, General Electric Company. 
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He Created a Masterpiece 


With the death of James H. McGraw, Sr., a great per- 
sonality and publisher passed into history. I will cherish 
the memories of the intimate contacts I had with him 
during the few years I knew him. One of our meetings 
stands out above all others. He and I and a close mutual 
friend had lunch together. James H. McGraw had just 
read the book “The Winning of Barbara Worth’ and 
during the luncheon he gave his interpretation of this 
romance written by Harold Bell Wright. His piercing 
eyes glittered. There was no bestitation, no repetition, 
no ambiguity as his resonant voice held our attention. 

Immediately after that luncheon, I tried to put into an 
editorial the ideas that I had just heard. I used as many 
of his phrases as I could remember. 

It is a fitting time to repeat that editorial, which ap- 
peared in the November 1938 number of Product Engi- 
neering, not because of any merits it may have as a piece 
of writing, but because it reflects the vision, personality 
and character of the man who himself created the mas- 
terpiece that has put his name among the greatest pub- 
lishers of all times. 


What Makes a MASTERPIECE? 


In his book, ‘The Winning of Barbara Worth,” Har- 
old Bell Wright described a great engineering achieve- 
ment, the transformation of desolate desert wastes into 
a great fertile valley covered with fields of billowing 
grain and groves of flowering fruit trees and dotted with 
cities and hamlets. It is a story packed full of engineer- 
ing romance and the glories of its accomplishment in 
creating a masterpiece. 

In this story, Harold Bell Wright did not detail the 
mixture of concrete used, how the forms were built, how 
the concrete was poured. Nor did he explain how the 
difficult engineering problems were solved, what for- 
mulas were applied, or how an exceptionally intricate 
engineering difficulty was surmounted. Perhaps Mr. 
Wright did not possess the engineering knowledge to 
write about such details. But had such details been in- 
cluded the story would have been spoiled. An achieve- 
ment is a masterpiece not by virtue of the difficulties 
encountered in its creation but by virtue of the emotions 
and inspirations that the accomplishment arouses. 
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The Cathedrals of Europe, the Last Supper by Leon- 
ardo da Vinci, a nation’s national anthem, the pyramids 
of Egypt, the architecture and statuary of Greece—all are 
masterpieces for what they are and not by reason of the 
difficulties under which they were created. The same 
may be said of the steam turbine, the telephone, radio, 
the machinery of production and construction and the 
thousands of other creations of engineers. 

It is only human that one have a tendency to judge 
the greatness of his accomplishment by the effort re- 
quired and the ingenuity exercised. A “tricky” design is 
always intriguing, especially to the one who developed 
it. Only too often the engineer permits such thoughts 
to overshadow the reality of his accomplishment or the 
lack of it. 

Conversely, there is always a tendency to allow the 
drabness of engineering calculations to blot out its 
romance and drama. The details of the procedure may 
obscure the objective. Of course every detail of design 
must be calculated accurately and considered carefully. 
The right materials must be used, every part must be cor- 
rect in size and shape and everything must go together 
properly. But these are only the tasks, chores perhaps, 
that are the means to an end—the creation of a master- 
piece. 

And what is a masterpiece in engineering design? 
The answer cannot be given in words. If when gazing 
at the finished product it provokes the same feelings 
as experienced in the first view of a grand cathedral 
or an object of fine art—or if it brings forth visions of 
a great service to humanity, making people happy, giv- 
ing them greater opportunities, serving their needs or 
relieving suffering—it is a masterpiece. But if it does 
not possess any of these attributes, it is just another de- 
sign, another job out of the way to make room for an- 
other one to be tackled. 

Only those who can visualize and feel the romance and 
drama in engineering design can create its masterpieces, 
for every masterpiece embodies the spirit of its creator. 
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Have a case of sh 


“Rev "er up" is the cry as truck engines roar up 
to 3000 RPM on giant test stands. It's done to make 
sure they ll stand the gaff. But occasionally an engine 
gets ornery — backfires; stops suddenly. Shock! 
Plenty of it. But. what's a backfire to you? Well, 
what Morse Chain Company did about it may be a 
boon to your business, too... 


Save yourself a headache. Shafts, wheels and 
machines in your business can be safeguarded. When 
shaft vibration causes bearing failure it might be 
prevented by Morflex. Wherever there is industry 
thev are adaptable to universal drive connections; 
allow no power loss; are sealed against dirt and 
moisture; free of metal-to-metal contact! 
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ock.4o cure 4 
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Shake, shock and shimmy were the problems 
Morse Power-Transmission Engineers found on test 
blocks: a natural for Morse Morflex Coupling. This 
versatile Morse product absorbs torsional shock, teeth- 
rattling vibration, and shaft misalignment. Morflex 
between engines and test blocks reduced bearing 
wear, protected equipment. This helps you to 


Morflex Coupling 


4 Morflex Radial Coupling 


Proof of outstanding performance? Call or write 
Dept. 126, Morse Chain Company, Detroit, Michigan. 
Hear case histories from experienced Morse Engi- 
neers. You'll soon see how and why Morse Couplings. 
Roller and Silent Chains, Sprockets and Clutches 
have been profitably applied by America’s foremost 
manufacturers. 
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IREE ENGINEERING BULLETINS used 
The Glenn L. Martin Company are 
"ping engineers design better prod- 
‘for less cost. They provide engi- 
rs with up to the minute, well- 
tganized cost data that can be used 
| the same way as other design in: 
rmation This hap py amalgam of 
ollars and sense is paying off not 
nly in the engineering department but 
ll the way down the line. 
The cost data given in these bulle- 
ns has been prepared with due regard 
tall the elements that make up the 
















st of the finished product. In man- 
facturing, the main direct and in- 
rect costs are: 

Direct Costs 





Raw materials used in construction 
Purchased or standard parts 


Purchased or standard equipment 
Labor 







INDIRECT COSTS 





Raw m. 

Supplies 
Machinery 
Power ` 
Labor 


iterials used in tools 
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THREE HANDY REFERENCES containing cost data for engineering use help the engineer control expenses through product design. 


Designing With Dollars 


Brief analysis of elements of cost which determine the price of a product. Organiza- 
tion of cost data and its use by the design engineering department of one company. 





JOHN VAN HAMERSVELD 


Senior Cost Analyst, The Glenn L. Martin Co. 


In preparing the bulletins, the cost 
control group of the engineering de- 
partment set out to show how these 
costs were influenced by design. Then 
they prepared the information they 
worked up in several ways so that it 
could be easily understood and 
by design engineers. 

As a result of studies made by the 
cost control group, data was collected, 
organized and presented to the engi- 
neering department in three bulletins 

(1) Comparative Cost of Materials, 
(2) Comparative Cost of Standard 
Parts, (3) Design for Economy. 


used 


COMPARATIVE COST 


OF MATERIALS 


This bulletin contains cost data on 
all metallic materials used in the fab- 
rication of parts. It covers a range of 
material items such as: Bar stock, sheet 
stock, tubing, extrusions, castings and 
forgings, in all commonly used alloys 


of aluminum, steel and magnesium. 
All material cost data are shown in 
useful graphical form. For instance, 
the cost of sheet metal purchased 
quantities from 100 to 300 Ib is 
plotted showing the cost, in cents per 
square foot, versus sheet gage. Tub- 
ing cost data is given by showing the 
cost of tubing in cents per pound when 
tube diameter, gage and material vary. 
Data on sand castings, forgings and 
die castings are given in terms of cost 
per pound versus number of pounds 





Table I—Perceniage of Component Costs 
Controllable by Aircraft Designer 


Percent 
Component Costs, Controllable 
Percent by Design 

Raw Materials 11 5.50 

Equipment 29 7.25 

Direct Labor 15 6.00 

Indirect Labor . . 15 7.50 

Tooling Es, 8 2.40 

Engineering 7 2.10 
sales, Adm, Profit 15 

100 30.75 





COMPARATIVE COST 
OF 
AIRCRAFT SHEET METAL 


Cents per sq ft 
Based on 100- 300 lb 


Based on 100 Lb Lots 
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Fig. 1— Costs of various structural metals in terms of sheet thickness. Similar charts are prepared for forgings, extrusions, tubing, etc 
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per part for complex parts, normal 
parts and simple parts. Fig. 1 shows a 
typical material cost data sheet for 
aircraft sheet metal. 

This type of data is adequate for 
comparing material as received, but 
must be pv pram with data show- 

e 


ing the effect of shop operations per. 
formed on material. The following il- 
lustrates this statement. Aircraft de- 
signers frequently use structural angles 
for stringers, reinforcements, clips, etc. 
These parts may be made from extru- 
sions, niue sheet metal, machined 
bar stock or modified extrusions. The 
cost of the finished " depends upon 
quantity of material required, length 
of each part, cost of dies, cost of ma- 
hining, and cost of sheet metal op- 
rations. 

To help the designer make an eco- 
nomical selection, a series of curves 
were prepared showing the cost of 
structural angles in terms of produc- 
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tion methods and number of feet per 
production run. To prepare the curves, 
shown in Fig. 2, the cost control group 
did the following. First, from pre- 
vious purchase records, they drew up 
a list of frequently used angles. By 
listing angle dimensions they found 
that the bulk of the angles had di- 
mensions which fell within a 3-in. 
circumscribed circle. Second, they se- 
lected average sizes for extruded, ma- 
chined and sheet metal angles. Finally 
they used the selected sizes to com- 
pute production costs for angle made 
from: 


Machined bar stock 

New die-new extrusion 

Modified stock with both legs ma- 
chined 

Modified stock with 
chined 

Bent up sheet metal 


one leg ma- 


material cost data 
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&. 3—Complete installed cost for various types and sizes of standard bolted attachments. 
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were prepared for other raw material 
items, which are modified in the shop 
before fabrication into specific parts 
or assemblies. 

Material cost data given in the bul- 
letin can be used easily. After the 
designer has established a satisfactory 
functional design, he determines the 
amount of material needed to manu- 
facture the design. Using the mate- 
rial cost tables and charts he selects 
the most economical material to use 
Depending on his judgment of the 
design factors involved, he can specify 
a forging at a dollar a pound or a 
sheet metal fabricated design at fifty 
cents a pound. 


COMPARATIVE COSTS 
Or STANDARD PARTS 


The second bulletin lists cost of 
standard parts such as; rivets, bolts, 
screws, and studs. Almost every man- 
ufacturing company uses standard 
parts in the fabrication of a product 
and of these, there are many sizes, 
types, etc. Usually the installed cost 
of a standard part rather than initial 
cost determines whether it can be used 
or not. Therefore, the cost control 
group collected and organized into 
two main divisions, complete infor- 


mation on the cost of all installed 
standard parts. 
Part 1—Installed cost of standard 


parts used in general applications 
of structural designs 


PaRT 2—lInstalled cost of standard 
parts used in general applications 
of non-structural designs. 

All standard parts are listed by their 
specific commercial or AN Standard 
name, number, size, length, grip, 
weight and installed cost. In the total 
cost are the cost of the part, the labor 
cost for handling, drilling, reaming, 
counter-sinking, dimpling, riveting, de- 
burring, tightening, checking by op- 
erator, and all other operations re- 
quired to install the standard part. 
The time to perform each operation 
was evaluated from standard data and 
converted to dollar costs by applying 
proper fatigue allowances, take-away 
rates, learning cycle curve factor and 
overhead rates. The material costs for 
each standard part was based on gen- 
eral bulk shipment normally procured 
by the purchasing department for a 
number of production orders. 

Comparing the cost of similar 
standard parts, as shown for a typical 
page in Fig. 3, the designer is able to 
select the most economical standard 
which meets design requirements. 
Where many types of bolts can be 
used to connect the fitting to a struc- 
tural member, the designer has data 
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Table II—Design Check List As an Aid in Reducing Costs 


Basic DrsiGN or MAJOR SUBASSEMBLIES 


Can any of the parts be combined and made in one piece? 
Can right- and left-hand parts be made identical ? 

Are cutouts and clearances adequate to insert and remove bolts 
easily? 

Can curves and bends in the structure be reduced to simplify 
manufacturing ? 

Can simple mechanical devices be substituted for costly preci- 
sion parts such as oleos, vacuum cylinders, etc? 

Is there any way of reducing the number of separate parts in 
the assembly ? 

Are clearances between parts of subassemblies kept as large 
as possible 


COST OF JOINING SHEETS 
Riveting, Stitching, Welding, etc. 


Could stitching possibly be used in place of any other method? 
ls riveting open and accessible for Erco automatic punch and 
riveting machine ? 
Can .squeezers be 
man crew? 

Can blind rivets be avoided by hand holes, cutouts, ete. ? 

If spotwelding is specified, do number of inches of weld justify 
cleaning cost / 

Can other designs be substituted for arc or gas welded steel 
parts 

Could lap joints be substituted for butt joints to avoid close 
tolerances on trimming ? 

Can brazier head rivets be substituted for flush rivets? 

Can parts be furnace-brazed together as a substitute for welding? 


used or must rivets be bucked with a two- 


Cost OF ASSEMBLY OF Parts, Screws, BoLTs, ETc 


Where fairings are assembled to ship, can slotted holes be 
used to decrease fitting time? 

On forgings welded into a welded structure, has plenty of 
material been left for machining after welding? 

Can lacing of fabric be replaced by self-tapping screws and 
retainer. strips ^ 

On removable parts, can attaching fittings be designed so that 
bolt or nut is "Floating" to take care of minor variations 
in parts? 

Are electrical wiring harnesses in each major assembly joined 
to other assemblies by multiple plugs ? 

Can the swaging process be used in attaching fittings ? 

Can flash welding be used in attaching fittings? 

Can elastic stop nuts, tinnerman nuts, etc, be used in place 
of safetving with cotter keys and wires? 

Can fitting, trimming, filing, etc., required in the assembly 
operation be avoided by allowing for variations by lap joints 
and adjustments ? 


Table III—Production Factors 


SIMPLIFICATION 


Simplihed design reduces interdepartmental work; fewer parts 
mean fewer drawings, lighter structure, less stock handling, 
fewer records, less space required and lower cost. 


PRACTICABILITY OF ASSEMBLIES AND INSTALLATIONS 


Practicability is determined by availability, capacity, and types 
of tools used in production. 
CLOSE LIMITS CLEARANCES 


AVOIDING AND 


Tolerances should be liberal, consistent with part function. 
Too-small tolerances may set up impossible requirements for 
shop or lead to high part cost. 

Study individual part tolerances to get liberal limits without 











rim 
DRA! 
26. Are limits controlled so that interchangeability of major assem. $ ANA! 
blies can be maintained? 
27. In specifying AN fittings, has every effort been made to reduce 
the number of different parts by standardizing and limiting 
the list for the model? PREI 
FABRICATION COSTS - 
28. On compound curved parts, is it practical to redesign so thi fas 
the part can be "wrapped" from flat sheet to avoid forming Bl sva 
29. If wrapping is impossible, can parts be designed so that Ero la 
stretcher can be used instead of the drop hammer? 
30. Are all small clips and gadgets on airplanes standardized t ITE 
| few basic sizes? — 
31. Are formed parts designed so that their manufacturing E 
practical on existing equipment without hand work? — 
32. Can parts be designed with flanges in one direction so thail wat 
it can be formed in one operation? — 
33. Are tolerances liberal enough for limits of available equipment 8€?- 
34. Do tolerances specified on machined parts need to be as cloi — 
as what is shown? LAB( 
35. Where pins are undercut or castings bored out to save weigh -.- 
are tolerances extremely liberal ? = 
36. Can design of part be adjusted to utilize standard widths off oit 
aluminum, plywood, etc. ? T- 
37. Can parts be designed so that standard dies can be used infl aera 
stead of special dies? —- 
38. Can standard cutting tools be used so that special reamers den 
milling cutters need not be purchased ? — 
39. In dimensioning turned parts to fit in reamed holes, has stand a 
ard reamer size been considered for the hole? ToTa 
10. Can pilot holes in skins and extrusions be lofted to reducdl ymit 
jig cost and assembly time? cos] 
UNIT 
"tie! 
SUBSTITUTIONS TO REDUCE Cosi 
now 
i1. Can stock items such as standard channels, extrusions, rolle , I 
sections and tubes be used in place of special designs? 
i2. Can extrusions be substituted for forgings or castings iM ep 
bolted fitting design? 
13. Can purchased parts made in quantity for other industries i— 
substituted. for manufactured parts at a savings? MEPA! 
i4. Can a cheaper material be used instead of the one that wa — 
spec ified ? . 
i5. Can 1020 steel be substituted for 4130 without undue redug77— 
tion in strength? (A) 
16. Can 61ST be used instead of 24ST on parts requiring dec 280 
draw or stretch? 
i7. Can castings be made of "secondary metal" where they af 260 
non-structural ? 240 
i8. Can standard bolts be substituted for special bolts a 
threaded parts ? 220 
$ 200 
= 180 
Related to Simplified Design 2 
t 
, 140 
: i 
exceeding allowable assembly tolerances. If necessary rem 20 


N 


» 


range dimensions. o 
If tolerances less than 0.001 are specified, ask, "Would I sc 100 
piece if part came from shop 0.001, 0.002, 0.003, or & t 6 
0.005 in. beyond limits I have set?" = 
Use standard tolerances if they exist. Always check shop 


. : 60 [^ 
erances for reamed holes, drilled holes. 
40 
Use or EXISTING PARTS AND STANDARDS "p 
Keep inventory low; use available stock if you have a cho o u 
Avoid specifying new materials and processes, unless t (B) 


have been tested for production performance and cost 

Avoid expensive tooling; use existing dies or parts. To des 
calls for gussets, clips, brackets or machine fittings, check Fig. 4— 
isting parts in current production. aded t 
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COMPARATIVE COST SUMMARY SHEET MODEL: PiM-1 





TITLE: Fitting - Lower Nacelle Longeron Forward 


New Design 
21-5052 Ol9 


ANALYSIS: Machined 1LST Forged Bar VS Machined 
Aluminum Forging VS 1130 Steel Welded 
Fitting H.T. 150,000 p.s.i. 
A 5124 
PREMISES: 7 ships - l, parts/ship - Total 28 parts ui Fog 


1 shop lot. 


fool and labor hours were coordinated with repre- 
sentatives from Tool Engineering and Detail Manu- 
facturing. 

Mat'l. 1ST 

SUMMARY: Specially Processed Bar 
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3.4 lbs. 4.00 lbs. l.5 lbs. 


REMARKS: It is recommended the welded steel fitting be used for production ships. 





à Includes Dev. Template for Detail #2 and Assem. and Weld fixture. 


è Die Cost and Die Set-up cost amortized over 28 parts, 
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100 3 t- Welded fitting machined 

,F (Using std. forging No.279709) 
c 8 val rendum a 
Machined bar stock 
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(B) Quantity of Parts 
ig. 4—Cost study for one fitting, (A) comparative cost summary sheet, (B) study ex- 


aded to show cost for other quantities. Note changes in relative costs with quantity. 
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on several types of standard bolts at 
his finger tips. His selection sets the 
cost of installation for the fitting. 
Knowing the cost, strength and weight 
of the selected standard part, he can 
discuss his selection with the stress 
and weight engineers for further con- 
firmation. Shown in this bulletin are 
installed cost data for Hi-shear rivets 
compared with bolts, blind rivets com- 
pared with regular types, and Airloc 
fasteners compared with Anchor Nuts 
and many other combinations of stand- 
ard parts. 

Standard parts cost data can be used 
for general estimating also. 


DEsiGN FOR ECONOMY 


The third and last bulletin “De- 
sign for Economy” contains informa- 
tion that is hardest to assemble from 
the standpoint of the cost control 
group. The object of the bulletin is 
to imbue the designer with a sense of 
design prospective. Although cost 

ata given in the first two bulletins 
are easy to use, they can be considered 
only as a supplemental aid to the de- 
signer. The art of design cannot be 
reduced to rules because it derives 
from the sum total of the designer's 
experience and from the degree of in- 
telligence with which he applies his 
knowledge to current problems and 
situations. 


Because of this, the third bulletin 
avoids a too-detailed treatment of de- 
sign details. The first part is a de- 
sign check list. Part of the list ap- 
pears in Table II. The questions listed 
are the sort a design checker might 
ask in reviewing a drawing. 

The second part of the bulletin 
discusses several production factors 
such as: Simplification, practicability 
of assemblies and installations, limits 
and clearances, and use of existing 
parts and standards. Some pertinent 
remarks appearing in the discussion 
under each of these headings are given 
in Table III. 

The remainder of the bulletin is a 
comparative cost analysis of classified 
aircraft fittings. The data is given in 
cost summary sheets. One of these 
sheets is shown in Fig. 4(.1). The 
data is further expanded as shown in 
Fig. 4(B). The summary sheet shows 
the complete cost breakdown for a 
fitting fabricated in several ways and 
includes the cost of fixed tools, mate- 
rials, set-up, labor, die, die set-up, 
pattern, engineering labor, and speci- 
fication testing. 

A tabulated cost summary, for all 
typical fittings analyzed, is inserted 
in the bulletin to emphasize the fact 
that weight and manufacturing cost 
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are closely related. As pointed out in 5. Greater than minimum bends, clear f assem 


Surface Finishes Fig 5, cost studies show that a small 6 ee n isla. f k sd 
Rms Value Approx. : e ° E : . Low cost materials, tor example 
Relative Cost aie in weight accompanies a re 1020 Steel vs SAE 4130 Steel 
uction in production costs. Here 7. Forming aluminum alloy in ST cop 
again the designer must take the in- dition 
itiative in pes evaluating the ap- 8. o of low cost fasteners 
plication of the cost data shown to his 3. Me CoNG suus ec sni Qu 


10. Fabricate part in shop on availab 


specific design problem. | I equipment, rather than subcontraq 
One additional insert in the design 


for economy bulletin can be men- [—Regularly consult your 
tioned. This is the designer's "A B C" 1. Drafting room manual 
check list of questions and reminders. . Cost bulletins 


> 
These are listed as follows: 3. Cost control group 
Tolerances 


The foregoing list may seem re 














t . . 
— ignin art, ask 
+ A—Before desig ng aon dundant and trite, but it does toud 
k 1. Why you need it—can you cancel it upon a number of design points which 
2. When is it used—how long must it . : a 
v loot overlooked or ignored, result is 
5 3. What specifications must be met added cost due to rework. 
4, Where does it go The accumulation of cost data 
E » it easy 2 install described takes time and money ani 
5. Is it easy to use : 
dela een can be done only by experienced d 
sign personnel thoroughly famil 
B— During design, ask with the company's products, produc 
1. How can it be combined with another tion methods and production equip 
PS. —" ment. Also such cost data must bi 
Tolerances, In. 2. How can it be simplifie current to be of any value. But ther 
Note:- More parts per man hour can C—Try to design for is no doubt that it is a good invest 
4o met by ‘opening up" machining 1. A minimum number of simple mem- Ment; particularly when previou 
———— bers studies have shown that designer 
2. — members, unless forming have control over approximately thirty 
: simplifies : 
Fig. 6—(A) Correlation of relative costs 3. iE parts, shapes, sizes, dies percent of the production cost = 
with surface finish (B) Correlation of rela- (. Maximum satisfactory tolerances and — 4itplane. The dollar sign can 
tive machining time with tolerances. finishes important a tool as a French curve. 
s 
TABULATED COST SUMMARY E" 
MCK. 
PIECE QTY. TOTAL PROTO. PRO- SHIP PIECE CONTRACT 
NO. WEIGHT SHIP QTY. DESIGN POSED WEIGHT COST 
DIFF. PROD. DIFF. DIFF. e >» 
DESIGN + - + - 
i i lll eee 
*1 Ftg. Center Wing Jet Mt. i 4 28 Bar Wold + .180 -$ 4.45 -$124.60 
Link Aes'y Center Wing ( BL Bar (OK) X * 0 . 0 
Ftg. Oleo Door (Male) 3 l4 Weld e -$ 4.19 -$ 58.66 
z 1c ° H 
” 10 Handle Receptacle + .116 e 14 Bar Casting + .232 -$ 1.56 -$ 19.04 
(Clase B) + M 
19 Handle t 2 14 Bar Bar(OK) *0 to = ¢ f of sir 
> + 
Main Landing Gear Fte. *o 2 1h Bar Bar (OK) - 0 t6 to è Te 
and ¢ 
** May be reduced 40% by careful Stress Analysis e Pr 
* TOTAL SUMMARY OF 9 STUDIES 
^ 222.22 
Total cost savings per contract =* $6 , 222.22 
Weight Difference per ship > + 23.04 LBS. 
Total cost savings per ship $6,222.22 = $ 658.09 
For every lb. increase in weight 1t AUDIB 
will save G.L.M. Co. $488.89 $ 57.70 , 
TL MOVIN g 
t ations 
What weight allowance has been made for Production Deelgn - P 
ft vill n G.L.M. Co. $57.70 to eave l lb. per ship. This figure ia in excess of $20/#, therefore, that Cà 
redesigne for production are recommended. Miscon 
ations 1 
A If Static Test is required by Navy, this figure must be modified. e to 
Sustain, 
Fig. 5--Tabulated cost summary sheet for twenty fittings show large savings possible by redesign with little increase in weight Whine 
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ANECHOIC (ECHOLESS) ROOM. Walls are constructed of rectanguar blocks of fiberglas, cut on the diagonal, then fastened back to 


back. Each wedge is enclosed in a cheesecloth stocking. 


In this set-up, noise level of some automobile equipment is being measured. 


Sources of Machine Noise 


* How sound energy is created and transmitted. 

* Mechanical impedance, radiation impedance and the effect 
of simple and dipole radiators in noise reduction. 

* Technique of sound measurement, including cost of minimum 
ind complete equipment for an acoustic laboratory. 


* Procedure for analyzing and 


HOWARD C. 


Supervisor, 


reducing machine noise. 


HARDY 


Acoustics and Vibrations Section 


Armour Research Foundation of Illinois Institute of Technology 


AUDIBLE SOUND is produced when a 
moving part causes air pressure vari- 
ions with component frequencies 
‘hat can be detected by the ear. A 
misconception is that the pressure vari- 
ions must be sinusoidal if the sounds 
ie to be heard. Only the simplest 
ustained musical tones, the hum or 
hine of motors and the vowels of 
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speech approach true sinusoidal char- 
acter. Most sounds originate from 
impact, friction and other causes that 
create a pulselike wave front. These 
excitations, which may occur at random 
time or at a constant repeated interval, 
produce a brief pressure variation. 
Mathematically analyzed, such a pulse 
has a broad band spectrum, exciting 
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all frequencies. The exact spectrum 
depends on the shape of the pulse. 

|f most sound energy sources are 
the impulse type, what gives the char- 
acteristic tones of such sound-radiating 
objects? These tones are caused by 
resonant frequencies excited by the 
energy source. For instance, when a 
bell is struck, certain portions of the 
background spectrum are amplified 
and vibrations are transmitted to the 
air, thus giving the characteristic tone 
or resonance. When the resonance ts 
great and the tonal relationship of the 
resonant frequencies is harmonic, the 
sound may be musical in character 
The more common annoying sounds 
are usually less resonant and have fre- 
quency components that are not har- 
monic. 

The resonating parts do not have 
to be near the source of sound energy 
to cause some objectionable noise. 
Many examples of this occur in the 
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automobile where squeaks and rattles, 
which are usually resonant conditions 
in panels, frame shackles, and other 
parts, are excited by impact of the 
tires against road imperfections. In the 
household a running faucet transmits 
water noise via pipes, frequently caus- 
ing resonance with wash bowls and 
basins. In this type of sound propaga- 
tion it is the coupling between the 
source and the resonator that requires 
attention. 


FACTORS AFFECTING AMPLITUDE 


The amplitude of sound from a vi- 
brating object depends on three phys- 
ical properties. They are: 

1. The force applied to the radiat- 
ing object. 

2. Mechanical 
object. 

3. Radiation 
object. 

The first two factors control vibra- 
tion amplitude, the third determines 
how this amplitude is transmitted to 
the air. The applied force can be re- 
duced by decreasing the energy of the 
exciting source and reducing the efh- 
ciency of the mechanical coupling be- 
tween the source and the radiating 
object. This important subject will be 
discussed later on. 

The mechanical impedance, Z, is 
defined, where F is the alternating 
force applied, A is the amplitude, and 
f is the frequency, by 

F 
! 7 jZ (1) 


impedance of the 


impedance of the 


In simplest analysis, impedance is a 
function of the effective mass M of 
the object, the effective stiffness K, 
and the damping resistance R. These 
are related by an expression analogous 
to electrical impedance, 


i As ; K \27W2 
Z R? + ( 2xfM — = ] (2) 
m 


Proper units for each of these terms 
are in the metric system: 
Zor R — mechanical ohms! dynes 
cm^! or gram sec ^! 
M — grams 
K — dynes cm^! 

It follows that the resonant fre- 
quency, f,, occurs when the mass and 
stiffness components cancel: 

R K 

Irho Al = - 


2xfo 


on bat 

s x M 
The mechanical impedance then has 
its smallest value and therefore the 
amplitude is at à maximum, its size 
controlled only by the frictional term 
R. This condition should be avoided. 

When R is extremely large, the mo- 
tion is called "resistance controlled.” 
Increasing the friction may be a prac- 
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tical method of reducing vibration only 
if excessive friction does not impair 
the useful performance. If either the 
term containing K or M is the large 
factor, which depends on the fre- 
quency region involved, the object is 
said to be, respectively, stiffness or 
mass controlled. For most materials 
the average device is mass controlled 
except for vibrations at extremely low 
frequency (below 50 cps). One way 
to reduce sound amplitude, but only 
if the object is mass controlled, is to 
increase the effective mass of the mov- 
ing part or parts. 

If the sound is from an energy 
source that has a prominent exciting 
frequency as, for instance, a motor or 
generator running at 3,600 rpm (60 
cps), the supports must be such that 
the modes of vibration are not equal 
to the frequencies of the exciting force 
or multiples of it. In these trouble- 
some instances a slight change of mass 
or stiffness in the supports may change 
the resonant characteristics enough to 
remove the difficulty. 

This discussion on mechanical im- 
pedance has been over-simplified. In 
actual design it is difficult and gen- 
erally unnecessary to know the exact 
values of R, K and M. Almost al- 
ways there are many resonant fre- 
quencies. The engineer should under- 
stand the relationship between these 
quantities so design changes can be 
made in the right direction. For a 
better understanding of R, K and M 
refer to Den Hartog. "Mechanical Vi- 
brations," McGraw-Hill (1947) and 
A. L. Kimball, "Vibration Prevention 
in Engineering," John Wiley & Sons. 


TYPES OF RESONATORS 


It is convenient to classify resona- 
tors into three simple classes. These 


Partially 
enclosed 
volume 
(stiffness) 


Plug 
of air 
(inertia) 


Fig. 1—Partially enclosed air spaces are 
often overlooked as a possible noise source. 
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are (1) enclosed air spaces includin 
tubes, (2) rods and bars, and (b 
plates and membranes. Resonators 
such as (2) and (3) are too compli. 
cated to be described in detail here, 
but their troublesome effects must be 
prevented. For a summary of the 
mathematical expressions applying to 
the simplest cases see P. M. Morse, 
“Vibration and Sound,” McGraw-Hill 
(1936). 

Enclosed air spaces, however, are an 
important source of resonance often 
overlooked by the designer. Char 
acteristics of such a system are given 
in Fig. 1. The enclosed volume pro 
vides a stiffness to compression and 
rarefaction of the sound wave. The 
small plug of air in the opening or 
openings has a definite inertia. At a 
certain frequency the stiffness of the 
partially enclosed volume and inertia 
of the air plug resonate with each 
other. Measurement, rather than cal- 
culation of the resonant frequenc y, I5 
required because of the complicated 
geometry of most designs. Example 
of such cavity resonators are motor 
housings, relay housings, oil burner 
combustion chambers and air condi 
tioning plenum chambers. 

If the sound energy source has fre- 
quency components near the frequency 
of the resonant chamber, the results 
definitely will be bad. Tuning the 
resonator to another frequency can 
be accomplished by changing the en- 
closed volume or the size of the open- 
ing. Increasing the interior surface 
area or covering it with absorbent ma- 
terial will increase the damping in 
the resonator. 


RADIATION IMPEDANCE 


Although an object may have a large 
amplitude, it does not follow that i! 
transmits ich sound energy to the 
air. Effective coupling of the vibra 
tion with the air is controlled by the 
radiation impedance. Rigorous treat: 
ment of this subject requires much 
mathematics, but some principles can 
be expressed in a simple fashion. 

A sharp distinction should be made 
between simple radiators of sound anc 
dipole radiators. In the first, all the 
vibrating parts contribute wave mo 
tions in phase. Examples are a horn. 
a kettle drum, a gas engine exhaust 
and a loudspeaker with the back en 
closed. A dipole radiator has two 
radiating surfaces in opposite phase 
Examples are a loudspeaker not en 
closed in a box. a vibrating wire 0! 
tuning fork, a vibrating fan blade and 
a cymbal. In Fig. 2 the characteristics 
of simple and dipole radiators ate 
compared. 

The amount of sound radiated from 
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a simple source that has small dimen- 
sions, as compared to the wave length 
ot the emitted sound, is about 
same in all directions. A wave length 
for 100 cps is 11 ft, for 1000 cps, 1.1 
feet. The amount of sound radiated 
from a dipole source is far less, be- 
cause the radiations from the two 
sides are opposite in phase. Along the 
axis of the dipole radiator complete 
cancellation occurs. 

The power radiated from a simple 
spherical source, having a radius a, 
where f is the frequency, p is the 
air density, A is the amplitude, and ¢ 
is the velocity of sound, all in metric 
units, is 










Rya f4 p a’ T 


P, 10° ¢ 


watts (5 






The same equation for a dipole, two 
sources Of Opposite phase separated 
by a distance a, is 
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Thus the ratio of the two is 
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32 
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substituting the wave length A for c/f. 
Thus, from a loudspeaker whose effec- 
tive diameter is six inches, the ratio 
of the power radiated at 110 cycles 
(A = 10 ft) from an enclosed speaker 
to one at the same amplitude but not 
enclosed is 485, or 27 decibels. This 
equation, being a ratio, is independent 
of the units used. The power input 
in both cases is the same, which illus- 
trates how great an effect the radiation 
impedance can have on the efficiency 
of a sound source. 

An excellent way of reducing noise 
is to reduce the radiation impedance. 
Usually the radiation impedance will 
vary as the fourth power of the linear 
dimensions if the emitting surface or 
hole is approximately square or round, 
and as the square of the width, if it 
is a narrow source. The radiation im- 
pedance also varies approximately as 
the square of frequency for a round or 
square source and as the first power 
of the frequency for a narrow source. 
It should be remembered, however, 
that the amplitude usually will be a 
function of the frequency. For in- 
stance, in mass controlled vibrations, 
the radiation efficiency is almost in- 
dependent of frequency for objects 
smaller than a wave length. 

It is important, therefore, to keep 
the size of the radiating object small. 
The amplitude of the vibration of a 





























violin string is large compared to the 
violin itself. Yet a string vibrating 






alone 





cannot easily be heard. Most of 
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Radiation pattern, 
provided the wave length /s 
much longer than the 
dimensions ofthe source 


Simple radiator 


) 


Fig. 2 


the sound is radiated by the violin, not 
the string. An analogous case is the 
vibration of a flexible choke rod in 
an automobile. The radiation. from 
the rod is negligible, but when it is 
coupled to an efficient radiator, such 
as the dash of the car, the sound out- 
put may be annoying. Similarly, a 
typewriter or a tuning fork coupled 
to a desk makes the top an effective 
sounding board. 


NOISE 


Questions that will determine the 
possibility of noise reduction by in- 
creasing mechanical impedance and 
reducing air radiation are as follows: 

1l. What is 
energy ? 

2. What is resonating? 

3. Is there more than one resonating 
element ? 

4. How is the source coupled to 
the resonators ? 

5. Is the vibrating part, or air cavity, 

«controlled by mass, stiffness, or re- 
sistance? 

6. What are the practical possibili- 
ties of increasing the mechanical 
impedance? 

7. Will changing the resonant fre- 
quency of the resonator be an ad- 
vantage? 

8. Approximately what is the wave 


ANALYZING A MACHINE 


the source of sound 
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Radiation pattern. 
Along the axis no sound /s ra- 
dated. /n other directions 
fhe effect is greatly reduced 


Dipole radiator 





Simple and dipole sound radiators. By making a simple radiator into a dipole, 
noise radiation can be greatly reduced. This application is frequently possible in machinery. 


length of the most characteristic fre- 
quency ? 

9. What parts of the resonators, 
surfaces or holes, are radiating ? 

10. Are the radiating surfaces radi- 
ating in phase? That is, is the radi- 
ating udin a simple radiator, a di- 
pole, or a combination of these? 

11. Can the radiating surface be con- 
veniently reduced? 

12. Can the radiation be changed 
from a simple source to a dipole? 

For the answer to some of these 
questions, which are not in any sig- 
nificant order, the engineer will have 
to use instruments. 


MEASUREMENT OF SOUND 


In sound measurements it is the 
physical properties that are measured, 
and not the sensation itself. When 
the physical data are obtained, they 
can be presented as such or converted 
into approximate sensation data by 
conversion charts as shown in "Funda- 
mentals of Noise,” PRODUCT ENGI- 
NEERING, February, 1948. 

For accurate observations on noise- 
producing equipment the system must 
be isolated from all other noise sources. 
Sometimes part of the machine must 
be isolated and driven by an outside 
means to avoid noise from other com- 
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Fig. 3 


Vibration meters are useful under 500 cps for determining the point of maximum 
amplitude on a large radiating surface. For high frequencies the sound must be measured. 


Fig. 4—Equipment to measure the spectrum of a noise: Sound level meter, sound analyzer, 
and recording meter. Analyzer frequency dial is turned by motor of recording meter. 


ponents. The ordinary laboratory is 
sufficiently quiet for most observations, 
provided that the observer is not in- 
terested in precise intensity levels. 
Exact intensity levels, however, are 
seldom necessary. For accurate com 
parison of two sound sources or for 
calibration, the -reflections 
from walls, ceilings, floors, and furni 
ture must be eliminated, and the meas 
urements be made in an enechoic room. 

The observations usually needed are, 
in order of importance: (1) source of 
the sound, (2) frequency spectrum 
and (3) relative intensity level. It is 
seldom necessary to measure the exact 
intensity level . except for an occa 
sional check on improvements. The 


| ] 
absolute 


O() 


loudness heard by the ear is usually 
as good a guide as any other. 

The best research tool that an acous- 
tic engineer has is his trained ear. It 
is rather easy to educate oneself to 
estimate sound levels on a meter by 
listening to a loudspeaker connected 
with an audio-frequency oscillator. An 
acoustical engineer should become so 
acquainted with the pitches of various 
sounds that he can estimate their ap- 
proximate frequencies. When the 
noise spectrum contains many tones it 
is better to resort to instruments. 

To find the actual radiating source 
of noise is often difficult, particularly 
when the sound is of low frequencies 
One of the most efficient instruments 
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for this purpose is the ordinary clinical 
stethoscope. This simple instrument is 
a great aid to the acoustic trouble- 
shooter, although its use has generally 
been overlooked. Its chief advantage 
is in searching for the exact radiation 
source, and for the parts of the source 
where the noise is the worst. It is also 
useful for studying resonating air 
cavities. 
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MEASURING THE SPECTRUM 


To obtain data on low frequency vi- 
brations, a vibration meter, Fig. 3, isa 
useful instrument. On large surfaces 
the point of maximum amplitude can 
be observed. Since the amplitude is 
small at high frequencies, this type of 
measurement is only applicable to 500 
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cps frequencies or below. Measure- fas 
ment of the sound itself is the only Brel 
practical. method for high frequencies. Bilo 
To measure the spectrum of the Be 
noise, the setup shown in Fig. 4 is Bray 
convenient. A sound level meter picks niq 
up the sound through the microphone. qu 
The output of this meter is introduced [be 
into a sound analyzer. The amount of [nor 
sound at each frequency can be read 
on the meter scale. Sound analyzer Op 
output can be introduced into a record- 






ing meter for a permanent record. 
To assure that the spectrum recorded 
is the spectrum actually desired, a 
good technique is to place the micro- 
phone in a position where the ear has 
heard the unfavorable sounds. Read- 
ings from more than one position are 
usually advisable. The use of the 
sound spectrum in attacking a noise 
problem will be disscused in the third 
and last article of this series. 















MEASURING INTENSITY 





The intensity level is obtained on a 


















sound level meter. It has been pointed f I 
out that the relation between intensity 
and loudness is a complicated function di 
of frequency and the number of fre ff. l 
quency components. See Fig. 5, "Fun 7 
damentals of Noise,” Propuct ENGI- - 
NEERING, February, 1948. To partly de 
adjust for the frequency effect, several eh 
networks are usually provided in the pro 
sound level meter., For instance, 1ni 
the General Radio Type 759-B, there - 
is a flat response network, a second net ae 
work adjusted to get the loudness con- pihe 
tour at 70 decibels, and a third at 40 f reac 
decibels. the 

Sound intensity measurements arek rien 
difficult because of reflections from dey, 





walls and other objects. Sound level 
data may be useful, however, when 
two objects which have essentially the 
same noise spectrum are compared, 
and when the source and microphone 
are placed in turn in the same position 
in the room. Another use of the 










1943 













Zt 
;le- 
ily 
age 
ion 
Irce 
ilso 

air 


> of 
500 
ure- 
only 
cies, 
the 
4 1s 
icks 
one. 
iced 
t of 
read 
yzer 
ord- 


rded 
] a 
icro- 
> has 
ead- 
| are 

the 
noise 
third 


on à 
inted 
sity 
ction 
fre 
Fun- 
ENGI- 
artly 
veral 
n the 
e. in 
there 
| net- 
, con- 
at 40 


s are 
from 

level 
when 
ly the 
vared, 
phone 
sition 
f the 


1948 








und level meter is to obtain quick 
readings of noise background. A good 
guide in the use of acoustical instru- 
ments is "The Noise Primer" by the 
Engineering Dept., General Radio Co. 
(1946) . 

RECORDING 


Acoustic engineers have needed a 
convenient device that would record 
sounds for subsequent playback. Re- 
cent developments in magnetic re- 
cording are the answer. Magnetic 
recordings are particularly useful for 
a day-by-day notebook of progress. 
They also facilitate the recording of 
sounds that occur at rare intervals, 
thus enabling their analysis at leisure. 
If the noises being studied have 
fast transients, such as the clicks of a 
relay, the meter readings may be too 
slow to catch the sound. Then it is 
best to study the sound on a cathode- 
ry oscillograph. With proper tech- 
nique, the intensity, characteristic fre- 
quency, if any, and the decay time can 
be measured. If desired, the phe- 
nomena can be photographed. 














Optics IN NoisE REDUCTION WoRK 


Photographing oscillograph traces is 
one use of optics; another is the strobo- 
ope. This instrument is useful when 
the noise-producing motion is re- 
peated at regular intervals, as in rotat- 
ng or reciprocating machinery. 

High speed photography is valuable 
f the motion is of considerable ampli- 
ude, but not necessarily repetitive at 
ifast rate. Seeing the motion of the 
noise energy source is a great aid in 
prescribing a cure. The Western Elec- 
tic Fastax camera is one of the best 
tools for this work. 


EQUIPMENT FOR SOUND STUDIES 


At the upper right is a list of what 
one might call essential equipment for 
a laboratory studying: noise problems. 

The construction of an anechoic 
toom, or at least a room with highly 
absorbing walls, will be necessary for 
diborate experiments. Several sound- 
proof booths for noise isolation should 
iso be available. 

The techniques of obtaining the 
measurements and the astuteness of 
the personnel who interpret the meter 
téadings are far more important than 
the accuracy of the instruments. Expe- 
tence in using the instruments will be 
developed easily, providing the engi- 
neer has a good acoustic background. 

Since the psychological aspects of 
‘ound, the physical sources of sound 
(d sound measurement have been 
discusse l, the third and last article of 
this series will cover the application of 
"i$ knowledge to particular problems. 
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Minimum Equipment For An Acoustic Laboratory 
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For THE MoRE ELABORATE LABORATORY THE FOLLOWING ADDITIONS ARE SUGGESTED 


I I re aE at ee ad oo kerala hee ulinih aire aea er oe eee aa $400 
a OR UUUp....c«cwioceoVuuuecxacyuxesexAte Veskcnusutwswss. 900 
US AES ML os. v CTTETTRTTTQQRTTATTRTCEITOTTQT ITE ANA 200 
NEN UMP ND Qi Ub... .aesntrnxtieaudkex sue QE RE Roh rna Bade 200 
MTM UD... uns V Fo Xwekdks dau «nee dena éutds kun nue 450 
Se MUN. rvrrabeénkdrk eroe Fegususdukehtesecut 200 
EN OMM .oeoeooroésvexsCat A Vei 46€ IU EE oC WERKE WEST QA Race 300 

VERMA 0 UREN S VO a RW RN d V GERE K VUA ME QE NE EARS 250 


Electronic voltmeter 


For THE COMPLETE LABORATORY THIS ADDITIONAL EQUIPMENT SHOULD BE AVAILABLE 
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Good loudspeaker 
Set of octave band filters with associated high quality amplifier........... 
























































Fig. 5—Measuring the sound of a refrigerator compressor. A soundproof booth or even 
a quiet laboratory is adequate for such a test. An anechoic (echoless) room is seldom required. 
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Vacuum Cleaner 
Designed for 
Quiet Operation 


Quiet operation of this vacuum cleaner unit 
has been effected by exhausting the air through 
a finned diffuser having 36 openings equiva- 
lent to 20 square inches of area. Canister type 
cleaner unit is provided with two runner 
tracks, permitting it to be drawn along the 
floor by the hose that connects attachments to 
the unit. Cleaner unit weighs 15 Ib 14 oz, is 
141 in. high and has an 11j in. diameter. At- 
tachments weigh 7 lb, 12 oz. Suction is fur- 
nished by a 2-stage centrifugal fan, driven 
by a į hp input, 16000 rpm universal motor. 
With a closed orifice, water lift is 61 inches. 
Vacuum cleaner is made by Lewyt Corpora- 
tion, Brooklyn, N. Y. 


Sealed ball bearing 


Tuftlex filter 


Bearing cooling fns 
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cy al ar ses Switch 
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N <- pole switch 
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Da D = Paper filter- 
bea E 
— Dust bon 
la Mle plate 
Motor 
bracket 
hon ped 
? a >» Hf pe 
a , Motor and Fan Unit Cor, te 
Prage Cross-Section Lower cloth 


filter support 


CANISTER UNIT CROSS-SECTION shows the vertical 
mounting for the motor. Since the cleaner is designed to 
operate with 2 or 3 inches of water in the bowl, cleaner 
components are subject to moisture conditions. For this 
reason, lower cloth filter support is a rubber molding which, 


of course, does not corrode as would a steel frame. Fins 


Q? 





storage container. 
partment. 


M 
fi 
Fi 
Ai 

a " ) Lid ba b^ 4 £e 
| — ST. 
VACUUM CLEANER and attachments fit in a specially designedlior 


Canister unit, wands and hose fit in lower com] T; 
Attachments are carried in a separate top compartment 


Handle 








D 
Rubber motor 


rut supports 


inner. fraci AL 
are die cast in motor bearing housings to promote bearin [the 
cooling process. Air flow from the fan is divided; som | ele 
passing through the motor, and the rest through openingli!e" 
in the unit that direct it around the motor and into thé hol 
top compartment. Motor unit is made by the Lamb Electriff 
Company, Kent, Ohio. 
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Micro-dust 
filter 


Fiber f?/fer 


Air flow 


STEEL DUST BOWL is cut away to show the filter system. Three filters are 


OPERATING DESCRIPTION 
OF AIR FILTER SYSTEM 


Air enters the bayonet lock adapter 
fitting and is deflected by an aluminum 
baffle plate, which imparts a centrif- 
ugal motion to air entering the unit. 
In addition to inducing this centrifugal 
air flow, baffle prevents solid objects 
from travelling into the filter and 
piercing it. First filter is a cone- 
shaped chemically treated paper made 
of rayon and hemp, which is replaced 
after long periods of service. This 
filter removes the majority of the 
dust particles from the air. A chem- 
ically treated cloth filter further re- 
moves dirt from the air. This cloth 
filter is also cone-shaped and is 
stretched over a frame, thus acting 
as support for the paper filter. The 
air flow from the cloth filter is directed 
to cool the motor. From the motor 
the air travels through a third filter 
made of treated cellulose fibre. This 
third filter acts as silencing material 
and also serves to remove from the 
air, carbon particles that constantly 
wear from the motor brushes. 


igned provided to remove dirt particles from the air as it flows through the unit. 
Tabs on fiber filter are crimped in bumper ring when top is clamped on bowl. 


com 
ment 


‘ALUMINUM DIE CASTINGS are used in the majority of 


the cleaner components. Aluminum die castings were 
selected because of their light weight and the relatively 
lew machining operations required by die cast parts. Cored 
holes are cast in the parts for self tapping screws. Some 
of these die castings are illustrated before and after trim- 
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ming. These illustrations show how parts can be grouped 
in a die to reduce production cost. -No machining is done 
on these parts after the trimming press operation. Fin ring 
and switch pedal are cast in the same die. Two nozzle 
elbows are also cast together. Outside edges of fin ring 
sections are machine polished. 
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Vacuum Cleaner (continued) 


o "ring gasket- 


Nozz/e elbow .... 
Snap ring.. 
“O'ring gasket... 


Elbow Gasket Assembly 


Music wire 


Grip ring... 
Hose 


Latch Assembly connector... 


“O"ring gasket 


VE/bow 


connector bushing 


Swivel Assembly 


DESIGN FEATURES include the use of O-ring seals made 
from vinyl plastic tubing with the ends heat sealed together. 
Hose connection assembly has a tubular rubber seal held 
together by a music wire retainer inside the tubing. A 
similar design is used for the cover seal. To avoid air 
escape around lead wires from the motor, a special grom- 
met was designed from natural rubber. This grommet has 


rush control 
0 indicator 
-rmo 
gaskets, 


T Retainer ™ 
Section A-A clip, 
` 


[] 
A 
— ^ 
2 
ss = 
ESIA 


C 


Carpet brush spring A 


Glider plate 


CARPET NOZZLE ASSEMBLY 


"NW LH ` 

pu AJIN “Tubular rubber 

Lining SESS coupling gasket 

Hose Connector 
Assembly 





is constructed from materials that resist 


gasket retainer 
1 


Swive/ 
sleeve» 


I” s". , 
64 6 Wa. holes7 


Grommet 





a conventional ring cross section with a diaphragm section 
closing the ring. Wires are drawn through two holes in 
this diaphragm that are smaller in diameter than the lead 
wires. An added design feature is the latch assembly for 
clamping the motor unit on the bowl. This latch is designed 
so that as the latch comes backward from the bumper pad, 
it does not touch highly finished surfaces of the unit. 





HANDLE has cast cooling fins. Dept 


control dial is die cast zinc, chosen t 








corrosion. Bumper is vinylite plastic, selected to avoid leaving black marks on 
furniture. Rug glider plate is stainless steel. Fuller brush pivots in operation 
and is spring loaded with beryllium copper springs. Phospher bronze clips are 
used. Two O-ring gaskets are also used in this assembly. 
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reduce sliding friction with aluminu 
nozzle body. Recesses act as poppe 
stops for adjusting brush height. 
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PAINT SPRAYER HEAD is a zinc alloy die casting. 
Threads are cast in the piece. Vinyl tubing that extends 
to the bottom of the jar permits all paint in the jar to be 
applied. Sprayer operates by admitting air into the jar 


through an adjustable brass cone-seated valve. Pressure on 
top of the paint in the jar in addition to the reduced pres- 
sure at the end of the nozzle causes paint to flow from the 
tubing into the air stream at the nozzle. 


Telescoping Hydraulic Connecting Rod 


BY REPLACING the connecting rod of standard punch 
presses with a telescoping hydraulic connecting rod 
assembly, damage to press cranks and frames resulting 
from overload can be avoided. The hydraulic overload 
jack, made by Dayton Rogers Mfg. Co., Minneapolis, 
Minn., replaces standard crank and adjusting screw assem- 
blies. This unit is the connecting link between crank 
bearing and ram and is calibrated at the maximum tonnage 
of the press. It can also be calibrated to protect a group 
of tools used in the press. The overload jack can be 
installed on single and double crank punch presses. It is 
built in sizes from 25 to 500 tons working capacity. 
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Ball _--Press cam 


Hand roller 


pump- T 


Reservoir 


A 


Overload " 
valve 


pressure 
orl chamber 


Overload 


screws 


Press ram-- 


HYDRAULIC JACK telescopes when overload occurs 
If the preset working pressure of the press ram is exceeded 
during the working cycle, the piston moves in the high 
pressure oil chamber, permitting the rod to shorten ia 
length. Oil escapes through the overload valve to the 
reservoir. Hand pump is actuated to reestablish high pres- 
sure in the chamber. Ball roller is actuated from the 
press cam and maintains constant pressure in the chamber. 
Adjusting screws are provided for setup adjustments. A 
hydraulic limit switch that will cut off the motor drive 
for the press when overload occurs can be installed in 
this unit. 
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Heating Cylinder Has Tapered Bore Design 


A tapered bore heating cylinder in the Model 1B-2 
Fellows-Leominster Injection Molding Machine im- 
proves heat distribution and reduces the possibility of 
burning the plastic material. Designed for production 
runs of small industrial hardware, jewelry and nov- 
elty items or for short runs of larger parts, the ma- 
chine is fully automatic. Two oz of plastic material 
can be molded per shot and the machine makes six 
shots per minute. Injection pressure on the material 
is up to 20,000 psi. Hopper capacity is 25 pounds. 
Toggle mechanism gives a locking force of 150 tons. 
A vibration proof temperature control instrument is 
built into the machine. 

The injection molding machine is built by the Fel- 


lows Gear Shaper Co., Springfield, Vt. It is approxi- 
mately 8 ft long and weighs 7,800 Ib. A standard 
Vickers hydraulic system has controls for speed and 
pressure of injection. Heating cylinder, hydraulic 
pressure cylinder, hopper and feed mechanism are ad- 
vanced and withdrawn hydraulically as a unit. This 
type of construction facilitates setup and operation 
by permitting the operator to withdraw the nozzle 
for purging the heating cylinder or removing 4 
wedged sprue. Nozzle slide is held in place when 
molding by a locking mechanism. Volumetric con- 
trol of material feed to the heating cylinder has a 
thumb nut for adjusting measuring slide. Heater units 
have a maximum power consumption of 24 kilowatts. 
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Separator- "3 r-Heating cylinder 


i ‘ 
i : 
' 


r-Maferia! feeo chute 


---—Plastic 
materiai 


"Electrical band heaters ; 


“Injection 
piston 


“SPEED FLO” CYLINDER has a tapered bore and sep- arranged to fit this condition. A subsequent reduction in 
arator. The larger mass of the separator at the feed end heat voltage input of 15 percent is claimed for this type 
stores heat for plasticising the material where it enters in of design. Another advantage of the tapered separator is 
the cold state. Reduction in the cross section of the flutes its close fit to the cylinder bore, which prevents plastic 
toward the small end of the separator is proportional to — material from lodging between the separator and bore. 
the reduction in volume of material. The heating units are If plastic material lodges it burns and discolors. 





Dies Closed 


TOGGLE MECHANISM is designed with full support pin breakage and assures that the dies are positioned firmly 
for the length of the link pins. This type of design avoids — in contact. Links are drilled to lubricate pins. 
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Stamping 
Machine Has 
Simple Table 


Movements 


A single lever on this stamping ma- 
chine raises the table for the stamping 
operation and indexes the table for the 
next stamping position. Known as the 
Acromarker Model No. 1, this machine  * 
is designed to stamp nameplates, scales, 
dials and gauges. A worm driven cir- 
cular index table unit can be supplied 
for stamping numbers in a circular 


path. Thickness adjustment up to § in. STAMPING MACHINE is operated by moving the left hand lever to the 
is provided. In larger models adjust- left for table index and to the right for the stamping operation. Right hand 
lever is turned to manually index the tabie. Cast iron index plate is mounted 
in double row precision ball bearings in à cast iron frame. Stamps are clamped 
in radial grooves by a bronze faceplate. Plate is manually indexed to spring 
= loaded poppet stops. Vertical travel adjustment is made by fitting handle 
Elizabeth, N. J. in different holes in ground steel worm shank. 


— 


ment up to 2} in. is obtained. Table 


has 3/32 in. lift to stamping dies. Ma- 
chine is made by The Acromark Co., 


14 TEE... 


Pinion on enad---’ 
of high spiral 
worn Shaft 


Manua/ index 


Stop plate “High spiral worm 


v1——4 


/ 
Rack clamp spring 


Vertical table 
guide bars 


HAND INDEX OF TABLE is made by turning the right shaft. Table index is then made by moving the handle to 
hand handle, which turns a high spiral screw that engages the left. When handle is moved to the right for the stamp- 
a pin mounted on the table. Automatic index is accom- ing operation, an overrunning clutch in the pinion permits 
plished by first disengaging rack clamp spring, which per- the spring loaded rack to return to position for the next 
mits rack to engage pinion on end of high spiral worm index without turning the worm. 
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-DEVILBISS 


NEW UNIT is single cylinder $ hp air compressor that has 
handle cast in cylinder head. Air-delivery with a-c or d-c 
motor is 2.6 cfm at 40 psi pressure. Unit is finished in two 
tone brown and orange wrinkle paint, It is 15 in. long by 
6 5/16 wide by 12} in. high. Splash lubrication is used. 


Three Piece 


Cast Iron 


Compressor 


Unit 


This portable air compressor unit 
for paint spraying operations was 
made by redesigning a conventional 
motor driven unit mounted on a flat 
base. The conventional unit was 
neither compact nor inexpensive to 
manufacture. By inclosing the en- 
tire unit with a three piece cast iron 
housing, appearance and utility were 
improved in addition to reducing 


NEW UNIT has compressor direct driven by the motor. 


FORMER UNIT had a V-belt driven single cylinder com- 
pressor:- Air intake assembly was mounted on the cylinder 
head. Handle was mounted on pulsation chamber that 
was included to maintain constant pressure in the line. 
Unit was 18 in. long by 113 in. wide by 15§ in. high. 


Intake valve Exhaust valve 


a. 
,Pisfton *E 
Wrist pin 


C ylinder 
casting 


f Ep 
d NA | Hose 
C 4 connection 


4 


R Safet, 
and drain 
valve 


Crankcase 
' casting 


A Oil Filler 


Ch- s 
W p ~eg 


Eccentric 


Fan Connecting rod 


A motor end 


production cost. One cylinder and 
two cylinder units of this type are 
manufactured by The De-Vilbiss 
Co., Toledo, Ohio. Styling was by 
Sundberg-Ferar, Detroit, Mich. 
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shield is cast in the crankcase and the motor flange mounted on a pilot on 
the end shield. Ball bearing that supports compressor end of motor is mounted 
in the crankcase casting. Air filter, intake and exhaust valves and handle are 
included in the cylinder head casting. Cooling fins are provided in both 
cylinder and cylinder head castings. Pulsator chamber is included in the 
cylinder casting. Safety and drain valve is mounted in the cylinder casting. 
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NEW MODEL 300 Cummins Perforator has a cast alu- of former model. Material costs are 21.9 percent of those 
minum housing and frame. It weighs 44 pounds. Pro- of former model. Machine is actuated by insertion of 

A : >> 4 . 2s 
duction time to make this model is 334 percent of that paper in die block opening or by manual button control 


Perforating Machine Components Redesigned 


The Cummins Model 300 Perforator is an example 
of a product completely redesigned to reduce product 
cost and improve utility and appearance. A portable 
model has replaced a former floor-type model and 
performs the same operations of perforating checks, 
bills, documents and stamps for cancellation. A new 
driving mechanism that operates only when the 
punching operation is performed, has been designed. 
Styling was by Raymond Loewy Associates. The ma- 
chine is manufactured by the Cummins Business Ma- 
chines Corporation, Chicago, Illinois. 

Punches in new model are depressed by an eccentric 
shaft mechanism that is worm gear driven by a è hp 
11,000 rpm series stop and start motor. Marking 
characters are selected by depressing matrix keys, 
which permit the circular sintered metal matrix rings 
to rotate. A safety switch is provided to prevent the 


machine from operating if character selected is not 
properly aligned. Waste drawer is forced out of its 
guides and opens if the drawer is not emptied. The 
perforator is 8 in. wide, 13 in. deep and 11 in. high, 
and finished with wrinkle gray enamel. 

Former model had a punch press type flywheel 
mechanism, which was driven by a 1 hp, 1140 rpm 
motor that ran continuously. Matrix rings were made 
from solid bars. They were set by removable pins 
which, if lost, would permit the selection of improper 
punch combinations. Punch waste was caught in à 
bucket which, if not emptied, permitted the waste 
chute to fill with waste, resulting in serious damage 
to the machine. It had a smooth baked black Japan 
finish. The cast iron frame required added finishing 
operations to apply this finish. The machine was 
19 in. wide, 20 in. deep and 53} in. high. 

Marcu, 1945 
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FORMER MODEL 75 weighed 512 pounds. It was pedal operated 
and had a punch press type drive with a motor that ran continuously. 
List price was approximately 1} times that of new model machine. 


Pile-up switch 


-Clutch collar 


Bracket 


ELECTRIC SWITCH has solenoid that withdraws clutch 
pin from collar. This releases collar, permitting it to 
engage teeth on moving member. Clutch pin forces up 
actuating pin and operates pile-up switch to start motor. 
1948 
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WIRING DIAGRAM shows the relay cutoff 
switch that is closed by the linkage movement, 
thus moving the relay from its normally closed 
position and de-energizing the solenoid. 


Wire trip 


PAPER TRIP SWITCH operates when a check 
is inserted in die throat. Paper lifts wire trip 
and operates switch to start operating cycle. 


-Actua ting pin 


----Trip-pin bal/ 


Solenord 


“Spring Clutch pin block 


Bushing 


Relay opens after cycle starts and de-energizes solenoid. 
When clutch pin drops in cam slot in collar it disengages 
clutch and shuts off motor. Cycle cannot be started again 
until solenoid is re-energized by operating a trip switch. 
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Chain Saw 


Index Sleeve 


Redesign 
Reduces Cost 


Light-weight of this 76 lb, 24 in. 
power chain saw was achieved by 
specifying stampings and light- 
weight metals. Production cost of 
the index sleeve, about which the 
chain swivels to four positions, was 
reduced by specifying a brazed 
stamping assembly. Magnesium alloy 
crankcase and aluminum alloy piston 
and guard bar are provided. Saws 
are made in capacities from 18 in. to 
12 ft by the Mall Tool Co., Chicago, 


Illinois. 


^c *0005" i 
0.265 -0.002 oo. (6) holes 
0 53/"x 829? c'sink 
as shown in 


section view ~-~- 


INDEX SLEEVE was originally machined out of solid 
stock. It was redesigned first to be made from tubing 
stock as a stamping. This redesign reduced the cost of 
the part below that of the former design. A second 
redesign was made by specifying a cup stamping with a 
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~- Square with æxis 


SLEEVE COMPONENTS include a cup stamping and a reinforcing ring that 
is copper hydrogen brazed to the index sleeve flange. 
from hot rolled strip steel stock, dead soft temper hardness, 54 Rockwell ' 
scale or under, 0.187 in. thick. Ring is made from hot rolled strip steel stoc à. 
half hard temper, 72-80 Rockwell "B" scale. 


Index sleeve is E 


_-Furnace braze 


chamfer- í 


$45 


This entire face - 
must be ground 


within 0.002"TIR 





Section A-A 


stamped reinforcing ring brazed to the flange. s 
brazing, the bottom of the cup was cut off and finish 
machining operations performed. The resultant savings per 
piece were approximately 70 percent of the cost of the 
original design. 

-Marcn, 1948 
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ELECTROGYRO vehicle energy unit has the rotor of a 


le-switchable, d-c, short circuit-anker motor coupled to 
a flywheel. Flywheel is brought up to 3000 rpmespeed by 


connecting to a normal low tension direct current source. 
During runs, the motor is excited by condensers and 
delivers, as a generator, direct current to the driving motors. 


Flywheel Energy Source for Electric Vehicle 


By using stored energy in a flywheel to supply electric current for a motor driven 


rail car, storage batteries or overhead lines are avoided. An experimental electrogyro 
unit employing such a principle has been developed by Ateliers de Construction Oerli- 
kon, Zurich. Tests have shown that a 10 ton vehicle having a 1 ton flywheel can be 
driven 6 to 10 miles on one charge of the flywheel. Charging process takes 1 minute. 


FLYWHEEL is made of chronium-nickel steel. It is 
mounted on ball bearings inside of a hydrogen filled casing 
to reduce friction losses. A period of from 10 to 15 hours 
tS required for the flywheel to run out when the vehicle 
is idle. A suggested practical use for such a driving unit 
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is for mine work where overhead lines are dangerous and 
also difficult to construct. For passenger vehicle service, 
there can be no grades and frequent regular stops must 
be provided, as in suburban street car or bus lines, for 
recharging the flywheel. 
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In this running summary of technical developments, 
space restrictions do not allow giving complete details. 
Further information relating to any item can be ob- 
tained by writing to the Editor of Product Engineering. 


PLASTICS AND RUBBER 


MATERIALS SHORTAGES continue to affect the plas- 
tics industry. Ironically, it was the short supply of metals 
and other scarce materials during the war that led to the 
increasing use of plastics as substitutes and supplements. 
Now that plastics are established as basic engineering mate- 
rials in their own right, scarcity of raw chemicals that go 
into plastics hamper production. Shortages include not 
only raw materials to synthesize the basic resins, but also 
vital supplementary ingredients, such as plasticizers and 
fillers. 


E Phenolic resins have long been in short supply be- 
cause of the scarcity of phenol and formaldehyde—it 
now appears that melamine resins may become tight 
because of insufficient raw melamine; even urea resins 
may be affected. 


B The filler problem may find its answer in the prod- 
ucts of agriculture. A new molding compound, Plas- 
tone A, developed in the Cotton Oil Laboratory of the 
University of Tennessee, utilizes cottonseed hulls as a 
filler. Still another molding compound contains pecan 
shell flour. 


WB Natural resins may be another answer to the shortage 
of synthetics. Use of rosin has been expanding 
rapidly. Made from pine stumps by the Crosley 
Chemical Plant in Louisiana, it is thought that there 
are sufficient supplies in this one locality for another 
thirty years of rosin production. 


IMPROVED PRODUCTS and processes are on the in- 
crease, regardless of raw materials shortages. As in other 
fields, research is continuous, and because of the newness 
of the industry, old-fashioned ideas are rapidly discarded 
and brand new research techniques are unhesitatingly 
applied. 


E Although plastics technology is relatively new, a 
formidable body of literature in this field has already 
appeared. To cover the study of plastics by means 
available in modern science, T. G. Rochow, of the 
American Cyanamid Company, proposes the term 
"resinography". This might include the fields of 
chemistry, physics, botany, metallurgy and minerology. 
B Electron. microscope techniques are now used in 
plastics research. These methods permit detection of 
surface “discontinuities” of less than 2 x 10° in. 
Important results will be seen in plastics products 
requiring smooth surfaces. 

STRUCTURE OF HIGH POLYMERS is being studied 


intensively at various industrial and university labora- 
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tories. While plastics technology has not yet "jelled", 
as for instance in metallurgical studies, certain broad gen- 
eralizations have been recognized. 


E Professor H. Mark of Brooklyn Polytechnic Insti- 
tute puts all polymers in one of three classes: (1) 
"Fiber-formers", polymers having a softening point 
above 480 F, a strong tendency to form crystals which 
can be readily oriented; (2) rubberlike or elastomeric 
polymers, having a softening point below — 40 F, 
with a tendency to crystallize when stretched (not crys- 
tallizing if unstretched) ; (3) the "usual" plastic type 
of polymer, having a softening point from 200 to 400 
F— showing no crystallization under any conditions. 


B Polymerization of vinyl plastics is explained in the 
December issue of Chemical Engineering, in terms 
understandable to any engineer. Main methods of 
polymerization include the mass, solution, emulsion, 
and suspension ("pearl") techniques. Effects of tem- 
perature control, catalysts, emulsifiers, and modify- 
ing agents are discussed. 


@ Behavior of rubber-like substances is explained by 
the Japanese with the aid of statistical mechanics in the 
Journal of Colloid Science. This theory predicts a 
relationship between double refraction and elongation 
which coincides exactly with that obtained experimen- 
tally for linear macromolecules such as polyisoprene, 
polyvinyl chloride and polystyrene. The predicted 
relation between stress and elongation also fits actual 
data rather well. However, other sources report that 
some elastomers depart considerably from predictions 
of the statistical theory of elasticity. For example, some 
torsion experiments have indicated that stress is pro- 
portional to absolute temperature. 


PRODUCTION TECHNIQUES continue to be im- 
proved. Vital factors that originally hampered progress 
in the plastics industry were haphazard molding methods 
and lack of standardization. This was true not only of 
fabricating conditions, such as temperatures, pressures and 
mold design, but applied also to the machines themselves. 
Testing methods also needed improvement, and such 
organizations as the Plastics Materials Manufacturers 
Association and ASTM's Committee D-20 have devoted 
research to this end. 


W A comprehensive plastics research program at M ET. 
sponsored by the Plastics Materials Manufacturers As- 
sociation, is already bearing fruit. A new universal 
testing machine has been deveioped especially for 
plastics. Through servo-mechanism controls operating 
via electrical, mechanical and hydraulic circuits to 
move a double-loaded hydraulic piston, load against 
rate of strain, or extension vs rate of load application 
can be recorded. 


B Special features of the new plastics testing machine 
include: (1) Continuous operation from compression 
to tension without resetting the grips or extensometer 
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thus recording a complete hysteresis picture; (2) 
the load weighing mechanism has extremely low in- 
ertia; (3) recording is done accurately over a wide 
range; (4) the recording system is stable over a long 
time interval, allowing accurate creep and relaxation 
data to be obtained; (5) the machine is satisfactory 
for measuring tensile, compressive, bending, shear 
strengths, some types of fatigue and high velocity 
creep or low velocity impact. 


B Although the general advancement of the plastics 
molding art is recognized, we do not often realize that 
plastics is a relatively new field in foreign countries. 
The first injection molding machine was recently in- 
stalled in the Philippine Islands, despite difficulties 
of fluctuating voltage and lack of replacement parts. 
This particular machine will be used only for poly- 
styrene, since other thermoplstics are claimed to have 
inferior dimensional stability in the tropics. 







ELASTIC COMPOSITIONS can be molded just as readily 
as hard plastics. This is perhaps a clue to the "overlap" 
between rubber and plastics. New compositions, such as 
the silicones, have also contributed tc the common ground 
between the two groups. 








B Silicone rubber has been molded into gaskets, used 
between supercharger connections and each of 16 cyl- 
inders on the new General Electric- American Locomo- 
tive Company diesel locomotive. 









B Latest outlet for silicone gaskets is the O-ring gasket 
which provides an effective oil and air vapor seal on 
the TG-180 jet engine. Silicone gaskets, in addition 
to excellent thermal and electrical resistance proper- 
ties, will maintain original characteristics even after 
long periods under vacuum and have no tendency to 
adhere to metal or non-metallic surfaces. They can, 
however, be bonded with special adhesives. 










B Silicone “bouncing putty”, a laboratory curiosity for 
several years, has finally been put into commercial use. 
Its property of bouncing upon impact yet flowing under 
constant pressure is the basis for an automatic leveling 
device for furniture. The putty is contained in simple 
piston and cylinder arrangements known as "Level. 
matics," that automatically adjust table leg lengths to 
uneven floors or rugs to the extent of 3/16 in. 


PRODUCTION of natural and synthetic rubber continues 
at a record-breaking volume. Associated with this high 
production are signs of health in the rubber industry. 
New and better synthetic rubbers are being developed. 













Bi Demand for rubber products will continue at present 
high levels during 1948, according to a statement of 
the United States Rubber Company. Total rubber in- 
dustry output is expected to exceed 21 billion dollars 
this year—more than 21 times the 1940 volume— 
although slightly less than the all-time high of 2.7 
billion dollars reached in 1947. 










E There are now over 400 experimental variations of 
GR-S rubber in regular production by agents for the 
Oihce of Rubber Reserve. R. H. Harmon of the 
O.R.R. in an article in Rubber Age explains why there 
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are so many types. Although most GR-S types are 
styrene-butadiene copolymers, a few contain only one 
or neither of these two raw materials. As for labels: 
XP prefix means produced in laboratory pilot plant, 
X prefix means large scale production, while regular 
GR-S numbers without prefix letters denote a mate- 
rial already produced to the extent of a million pounds 
and still in demand. 


B Recent. Congressional hearings aired government 
claims that private industry in the U. S. would not be 
able to produce GR-S below the present 183 cents per 
lb government-fixed price. An R.F.C. administrator 
stated that 143 cents was needed to cover out-of-pocket 
expenses for materials and labor and that the other 4 
cents per lb was based on depreciation and other 
charges. According to his report, the U. S. govern- 
ment to date has suffered a loss of nearly 250 million 
dollars in its synthetic rubber program, directly charg- 
able to depreciation of plants. 


E Two new synthetic rubbers produced by private in- 
dustry are "Philprene A" and "Philprene B." The 
former is claimed to be superior to both natural and 
other synthetic rubbers for tire treads while the latter 
is designed as a replacement for natural rubber in 
the carcasses. They are synthesized from the same 
raw materials as regular GR-S, by what is claimed to 
be an improved process. Produced only in pilot plant 
to date, field trials reveal superior wear and crack- 
resistance for A, and superior tensile strength and 
crack resistance for B. 


NONFERROUS METALS 


ALUMINUM, most abundant of nonferrous metals, is 
being applied more than all others. In 1947, estimated 
production of primary aluminum topped all previous 
peacetime records with 1.14 billion Ib. Knowledge of 
aluminum uses is piling up almost too fast for thorough 
sifting and evaluation. Alloy contents, tempers, methods 
tor testing and analyzing, and pure metal uses are still in 
a state of flux. 


E Large tonnages of primary aluminum were used 
to replace copper wiring. High tension transmission 
wires, with higher strength, were found to be excel- 
lent—especially in mountain regions. 


ALUMINUM ALLOY SELECTION has become a diffi- 
cult problem for designers. With others, Herbert Dobkin, 
writing in Stee/, has tried to classify aluminum base alloys. 
The task becomes more Herculean each day. 


B Aluminum-manganese alloys, such as 3S, do not 
respond to heat-treatment and should not be used 
where high strength is necessary. However, they are 
excellent for piping and kitchen utensils. 


BB Aluminum-magnesium alloys, such as 52S, that do 
heat, treat, have strengths between commercially pure 
and high strength aluminum alloys. 


B Aluminum-copper-magnesium-zinc alloy 75S is 


highest strength aluminum base alloy when properly 
heat-treated. However, it must be cladded for good 
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corrosion resistance, good heat-treating characteristics 
and high strength. Readily worked and suitable for 
forgings. 


B Dairy and brewery fittings are made from heat- 
treatable 51S and 53S corrosion resisting aluminum- 
magnesium alloys. 


B Alloy 18S, aluminum-copper-magnesium-nickel, can 
be used for pistons and other parts up to 400 F. Phys- 
ical characteristics similar to 25S alloy. 


ELEVATED TEMPERATURE STUDIES into physical 
properties of 24ST and 75 ST have been carried out since 
the latter is replacing the former in the aircraft field. 
Separate investigations are reported by M. L. Ochieano in 
Machinery, and J. A. Nock, Jr., in Iro» Age. 


W Cold 75ST not as formable as cold 24ST, but upon 
heating for 3 hour at 300 F, formability equal to cold 
24ST is obtained. No loss in corrosion resistance or 
strength after this heating. 


B Following effects noted for 75ST and Alclad 75ST 
sheet aged 24 hours at 250 F and then reheated 1,500 
hr: 225 F, no loss in strength; 250 F, 5-10 percent 
loss; 275 F, 20-25 percent loss, and 300 F, 30 percent 
loss. Such reheating had no marked effect on 
corrosion resistance or resistance to stress corrosion 
cracking. 


@ 24ST and Alclad 24ST36 sheet were heated at 250 
F for 1,500 hours with no loss in strength. At higher 
temperatures strength did fall. 


PLATING OF ALUMINUM, is seldom done to increase 
corrosion resistance of the part. A staff article in Metal 
Industry indicates plates are used on aluminum to: In- 
crease eye appeal, improve electrical contacts or permit 
rubber bonding. 


B Some plates are applied directly over anodic coat- 
ings. This can be done with nickel, copper, cadmium, 
silver and iron, if anodized in phosphoric acid 
electrolyte under carefully controlled conditions. 


B High purity aluminum alloys, die-castings and sand- 
castings must first be coated with zinc by immersion 
in a solution of sodium zincate and caustic soda, then 
given a copper strike applied by Rochelle salt type 
solution, and finally plated with nickel, cadmium, 
zinc, brass, silicon or chromium. 


ELECTROPLATING TECHNIQUES are now aimed 
predominantly at utilitarian rather than decorative appli- 
cations, according to Adolph Bregman, writing in Iron 
Age. There are six outstanding examples of this trend. 


B Hard, porous chromium plate used in cylinder walls 
of diesel engines retain lubricating medium and reduce 
contact area between sliding parts. 


B Simplification of engineering construction by using 
a nickel electro-forming process. 

E Aircraft sleeve-type bearings use nickel for bonding 
silver to steel. 


B Production of copper sheet directly from copper 
sulphate solutions for use as a barrier against rot. 
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B Nickel plated over plastic airplane propellers to 
improve abrasion resistance and avoid moisture-caused 
warpage. 


W Progress made in electropolishing and periodic r« 
verse-current plating techniques. 


NICKEL PLATING to specification requirements has led 
to demand for heavier plates by many British firms. To 
obtain increased thickness without increasing plant capac- 
ity or labor charges, according to E. A. Ollard, Me: 
Industry, commercial platers are using higher current 
densities of 80 amp per sq foot. 


B Nickel-sulphate, nickel-chloride, boric acid baths, 
have replaced former  nickel-ammonium sulphate 
electrotype. 


B Solution cannot be used in lead-lined tanks because 
of solvent action on lead, hence, wood or rubber 
linings are used. 


B Disadvantages include: Recessed parts difficult to 
plate at high current densities; rapid changes in bath 
composition necessitate more rigid control. 


GERMAN INDUSTRIAL TECHNIQUES are being care- 
fully studied by American industry. Fortunately German 
wartime industrial reports are available through the 
Office of Technical Services. Leaded aluminum alloy 
bearings were tried. Lead, insoluble in aluminum, pro- 
vides anti-friction characteristics. This technique has 
been used by domestic bearing manufacturers for some 
years, but it is interesting to observe German findings. 


B Best results obtained with alloy containing Pb, 3; 
Sb, 5 and Mn, 3 percent. This alloy, however, could 
only be used in cast form. Upon adding 3 percent 
SN, it became sufficiently ductile to be rolled into a 
steel backed bimetallic strip. ^ Duralumin backing 
also used. 


B Aluminum alloys containing 3 to 4 percent cadmium 
can also be used for bearing materials. Segregation 
normally encountered in casting Cd-Al and Pb-Al 
alloys was overcome by special casting methods. Bear- 
ing characteristics were improved with high purity 
aluminum in both types. 


SCARCITY OF TIN AND LEAD, plus increased war- 
time demand for babbitt-surfaced sleeve bearings, caused, 
according to J. T. Clenny, Iro» Age, development of new 
alloys and new babbitting techniques. 


E Babbitts with as much as 83-89 percent tin were 
replaced by alloys containing 5 percent or less. One 
of the most successful had percentage composition of: 
5 tin, 15 antimony, and the balance lead modified 
with 1 percent arsenic. 


B lo permit increased output of babbitted bearings 
in sizes over 4 in. O.D., it was necessary to adapt 
centrifugal casting methods for sizes up to 32 1. 
O.D. 


B Dove-tailed anchor grooves were source of weak- 
ness when bearings were centrifugally cast. Different 
cooling rates at thin and heavy sections set up thermal 
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stresses during solidification, promoted segregation 
and induced growth of hardening constituents. 


B With centrifugal casting, need for mechanical an- 
chorage—both lateral and circumferential—no longer 
existed. By cleaning steel backing in a molten elec- 
trolytic caustic bath prior to babbitting a good bond 
was obtained. 


E Bearings used on motor turbine and gear sets but 
not on marine installations where excessive corrosion 
of the alloy was caused by lubricating oil acid neu- 
tralization number greater than one. 


E Centrifugally-cast babbitt quality is a function of 
rotational speed during casting. If too low, porosity 
occurred; if too high, segregation. When bearings 
were water cooled, bearings tinned with pure tin gave 
better results than those tinned with a lead-tin alloy. 


IRON AND STEEL 
EXTENDED APPLICATIONS of stainless steel have 


come from greater realization of its properties and through 
shielded arc welding techniques. | Benefits are in food 
and chemical processing industries, and in consumer ap- 
plications. Just announced is a wrought stainless steel 
with improved corrosion resistance—including sulphuric 
acid action. Developed by the Carpenter Steel Company, 
it is first type not cast. Mechanical properties are about 
same as 18-8 stainless. Result: Processing tanks can be 
made by forging or other relatively inexpensive forming 
method. 


E Similar to other austenitic alloys, this stainless can- 
not be hardened by thermal treatment. Maximum 
corrosion resistance when heated to 2,100 F and 
water-quenched. 


W This stainless subject to carbide-precipitation when 
heated in, or slowly cooled through, sensitizing range. 
Welded structures need water-quench from 2,100 F. 
Shot-welded parts need no final heat-treatment. 


E Available as hot-rolled or cold-drawn bars and 
wires; rounds, rectangles, squares and hexagons; hot- 
and cold-rolled strip to 8 in. wide and 0.010 to 0.140 
in. thick. Tubing also made. i 


STEEL CASTINGS cannot be ignored as useful engineer- 
ing materials. Applications cited by J. A. Rassenfoss, 
American Foundryman, include aircraft, railway car and 
gun mount parts. To show quality of castings, he as- 
sembled information on compositions, heat-treatments and 
resultant mechanical properties, for both static and centri- 
fugal castings. There is one notable reason for using 


B Properties of castings are same in all directions. 
This is not true of assemblies with rolled or forged 
parts. Poor transverse properties of wrought stock 
also deleterious. 


SIMULATED SERVICE TESTING of full-sized steel 
castings show serviceability of finished part and has indi- 
cated necessity for consultation between designers and 
foundrymen. Much grief can be avoided if fillet pro- 
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portions and section thicknesses are discussed prior to 
construction of the pattern. Foundrymen can aid in 
assuring sound castings and minimum weight. 


Full-sized testing is not limited to steel casting applica- 
tions. Fatigue failures in machine parts have been re- 
duced by using simulated tests on full-sized parts. 


B Any combination of repeated tension, compression 
and torsion can be applied to machine parts by a new 
fatigue testing machine developed at Research Labora- 
tories Div., General Motors Corp. Failure of tradi- 
tional test specimens to indicate accurately, prompted 
design of this machine. Controversy concerning speci- 
men testing as Opposed to full-size testing will again 


spring up. 


B Full-size tests have indicated design changes that 
stopped fatigue failures in important automotive and 
airplane motor parts. 


Bi Metallurgists have long argued that faulty designs, 
not faulty materials, cause most fatigue failures. Full- 
sized, simulated service tests may settle the controversy. 


ALLOY STEEL SELECTION for high toughness quali- 
ties requires all the information obtainable from metal- 
lurgists, specimen tests and full-sized, simulated service 
tests. Selection resolves, according to B. S. Lement, Iron 
Age, into how much toughness is required. 


B When tempered to equal yield strengths, steels 
that quench completely to martensite are tougher than 
those that quench incompletely and have all-marten- 
site only at the surface. 


B Designer must consider inter-related needs: Depth 
of hardening, size of section, severity of quench 
needed to produce hardening and necessary yield 
strength. 


B Yield strength falls as the tempering temperature 
increases. If, to attain high strength, a low tempering 
temperature is specified, most steels will develop temper 
brittleness in the tempering range 800-1,200 F. 


B The only answer to the dilemma seems to be in 
tempering at 1,100 F and water-cooling. This works 
for small sections. . Large sections should be made 
with a molybdenum-containing steel, which will 
minimize temper brittleness and give reasonable 
toughness. 


STRESS, an intangible, can be compared to flowing water 
in a pipe. Weldment failures are so diagnosed by Gerald 
Von Stroh in Steel. Similar to water, stress flows through 
a structure until it meets an obstacle. In many structures, 
obstructions are found at weldments. 


E Obstructions can be notches, cracks, hard spots, 
voids and inclusions in the weld area. Most of these 
defects can be remedied by properly contouring the 
weld and careful welding. 


Bi Some failures attributed to improper welds may be 
caused by other stress flow disturbances. Machined 
contours, abrupt changes in direction and section near 
weld may lead to failure. 
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Designs and Operating Principles o 


The field of pump design is being bettered and broadened by the use 
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Eco Engineering Co. 


S ORIGINALLY DESIGNED for water use 
in the marine held, this gearless pump 
is now available in stainless steel, monel and 
bronze for handling acids, oils and solvents. 
The impeller is made of pressure-vulcanized 
laminated layers of Hycar, 85 to 90 percent 
hard. Sand, grit, scale and fibrous materials 
will pass through. With capacities from 1 to 
12 gpm and speeds from 200 to 3,500 rpm, 
pumps will deliver against pressures up to 60 
psi. Not self-priming, it can be installed with 
a reservoir. Operates in either direction and 
is self-lubricating. Wearing parts replaceable. 
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13 HIGH VACUUM PUMPS operate with 

rotating plunger action of liquid pumps. 
Sealing oil lubricates the three moving parts. 
Parts are accessible without disturbing piping. 
They are used to rough out system before con- 
necting diffusion pump; to evacute light bulbs 
and electronic tubes, and to vacuum dry and 
distill. Single pumps draw vacuum from 2 to 
5 microns; in series to 0.5 micron, and com- 
pound pumps draw to 0.1 micron. Pumps 
can be run in reverse for transferring liquids. 
Diagonal cored slots, closed by slide pin, form 
passageway and inlet valve. Poppet or feather 
outlet valves are used. 
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Huber ump Co 


THE SQUEEGEE PUMP consists of a U-shaped flexible tube made of rubber 
or other flexible material. Acids and corrosive liquids or gases pass throug! 
This prevents con- 
tamination of the liquid and avoids corrosion of metal parts. In operation, the tube 
is compressed progressively from the intake side to the discharge side by cams mounted 
on a driven shaft. Compression blocks move against the tube, closing the tube 
gradually and firmly from block to block, which forces the liquid out. As the cam 
passes the compression blocks, the tube returns to its original diameter. This creates 
a high vacuum on the intake side and causes the tube to be filled rapidly. The pump 
can be driven clockwise or counter-clockwise. The tube is completely incased and 
cannot expand beyond its original diameter. The standard pump is made of bronze 
and will handle volumes to 15 gpm. The Squeegee develops a vacuum of 25 in. ot 
mercury and will work against pressures of 50 lb per sq inch. 
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A COMPACT hydraulic booster 1 


MULTI-PLUNGER 
designed to convert low pressure to high pressure in any oil-hydraulic circuit 
Because of the six plungers, the pressure flow 


INTENSIFIER, this 


No additional pumps are required. 
from the booster is both smooth and uninterrupted. 
for this booster: First costs are low since high pressure pumps are not required; ni 
operating valves are needed to control the high pressure system, and small cylinder anc 
ram assemblies can be used on operating equipment because the pressure is high. 


Operating costs can also be low because of efficient use of connected horsepower. Thep 
| cha 


inertia effects of the small operating rams are low so high speed operations can be 
attained. Hydro-power boosters are built in two standard sizes, each of which i5 
available in two pressure ranges: 2 to 1 and 3 to 1. 
proportion to the pressure ratio. All units have a maximum 7,500 psi discharge 
pressure. Pistons are double-acting and the central valve admits oil to pistons 
sequence and is always hydraulically balanced. Drive shaft integral with valve 
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ol "IL ypical Pumps Used in Industry—ll 


To new ideas and the application of new materials. 
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cun l5 SELF-PRIMING PUMP that gives rapid 
How and smooth transition. from priming 
mec® cycle to centrifugal pumping. Pump starts 
n'y with priming chamber full. Liquid is recircu- 
»- lated through impeller until pump is primed. 
"e : As riming liquid circulates, air is drawn 
| U h impeller and expelled through dis- 
peg throuch npell l lled through d 
d ^ * . 
| Dee charg When all air is evacuated, discharge 
j P . . 
1 SẸ velocity closes priming valve completely. Pumps 
erse can be supplied with open or closed impellers. 
ABER Solids up to 1 in. can be passed through 3 in. 
` MẸ sze pump with open impeller. Self-priming 
pumps are equipped with a mechanical shaft 


seal, factory installed and tested. 
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ANYTHING 
pourable pastes, clean or contaminated with abrasives, chemically inert or active, 
homogeneous or containing solids in suspension, the Moyno is a positive displacement 


FOR PUMPING ALMOST from free-flowing liquids to non- 


pump that delivers continuous, uniform flow. The one moving part, the low alloy 
or tool steel rotor, is a single helix and the Hycar or natural rubber stator is a double 
internal helix. Pumping action similar to that of a piston moving through a 
cylinder of infinite length. Containing no valves, this pump will self-prime at 28 ft 
suction lift. Head developed is independent of speed; capacity is proportional to 
speed. Slippage is a function of viscosity and pressure and is predictable for any 
operating condition. The Moyno passes particles up to § in. diameter through its 
largest pump. Pumping action can be in either direction. Largest standard pump, with 
two continuous seal lines, handles 150 gpm up to 200 psi; multi-stage pumps can 
pump against higher pressures because there are more seal lines. 


IS 


Spacing 
washers -- 


Drive pins 


screws- 


LATE 


S 
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U i Sier -Bath Gear & Pump Co,/nc 


| INTERNAL SCREW PUMPS are very successful for transferring high viscosity 
6 petroleum products. They can be used as boiler fuel pumps since they deliver 
a pulseless flow of oil. For marine or stationary systems, the characteristic low vibra- 
tion of screw pumps has allowed them to be mounted on light foundations. The 
absence of vibration and pulsing flow reduces strain on pipes, hose and fittings. The 
pumping screws are mounted on shafts and take in liquid at both ends of the pump 
body and move the liquid to the center for discharge. This balanced pumping action 
makes it unnecessary to use thrust bearings except in installations where the pump 
is mounted at a high angle. The pumps can be used at any angle up to vertical. Where 
thrust bearings are needed, anti-friction bearings capable of supporting the load of 
shaft and screws are used. The intermeshing pumping screws are timed through a 
pair of precision-cut herringbone gears, which are self-centering, and do not allow 
side wear of screws while pumping. Pump is designed to give best efficiency. under 
1,200 rpm for electric motor and 1,300 rpm for steam turbine drives. 
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Fig. 1—One of the first ceramic turbine buckets developed for an experimental gas turbine 


National Advisory Committee for Aeronautics 
and tested by the National Advisory 


Committee for Aeronautics. Certain performance tests of these gas turbine blades are reported in N.A.C.A. Technical Note No. 1399 


High Temperature Ceramics 


Short report on the present state of development of high temperature 
ceramics. Types of ceramics, physical characteristics and molding methods. 


L. OLCOTT 


Bureau of Aeronautics, Navy Department 


RECENTLY DEVELOPED high tempera 
ture ceramics show promise for use 
as molded parts, refractory linings 
and coatings for gas turbines, jet 
power plants, rockets and other high 
temperature equipment. These ceram- 
ics. seldom replace high-temperature 
ferrous and non-ferrous alloys but are 
used to improve their performance. 
Interest in high-temperature ce- 
ramics is great because further in- 
the thermal efficiencies of 
certain power plants depend to some 
extent upon improvements in the ma- 
terials of construction. The thermal 
efhciencies of these new power plants 
can be increased. if operating tem- 
peratures and compression ratios are 
raised. High-temperature metals show 
loss in strength and other physical 
deficiencies at elevated temperatures. 
On the other hand, certain ceramics, 


reases in 


Opinions and assertions expressed in this article 
are the author's and are mot to be construed as 
official or reflecting the views of the Navy Depart 


ment 
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at high temperatures, behave some- 
what like metals at low temperatures 
For this reason, the use of ceramics 
in combination with metals, or their 
future use to replace metals is receiv- 
ing the attention of many engineers. 


REQUIREMENTS 


Commercial porcelain products are 
made from silicates such as kaolin and 
steatite. These ceramics are weak 
and are unsuitable for high- tempera- 
ture, high-strength use. The require 
ments for high temperature ceramics 
are 

High melting point 

2. Strength at high temperatures 
(high fatigue and impact resistance) 

3. Low specific gravity 

á. Resistance to corrosion and ero- 
sion by hot gases and corrosive liquids 

5. Resistance to thermal shock 
(rapid variations in temperature) 

6. Creep resistance at high tempera- 
tures 

7. Ease of fabrication and means of 
attachment 


In general, high temperature ce- 
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ramics are superior to ferrous metal 
alloys because of their higher corro- 
sion resistance, insulating character- 
istics, and erosion resistance. They 
are inferior because they have lower 
strength, are difficult to fabricate and 
are fragile. The presence of a stray 
nut or part in a gas turbine contain- 
ing ceramic parts is a matter of great 
concern, whereas a broken metal t 
bine blade or other part usually does 
not cause progressive failure in an 
all-metal power plant. 

To realize the advantages of ce- 
ramics and high-alloy metals, consid- 
erable work has been devoted to their 
use in combination; ceramics to pro- 
tect and insulate and metals to provide 
strength. 


FoRMs OF CERAMICS 


High temperature ceramics are used 
in paints, coatings and solid form. In 
paints, they are used to coat large 
metal surfaces exposed to tempera 
tures not over 1800 deg F. Ceramic 
paints reduce radiant energy trans. 
mission and limit oxidation of the 
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Fig. 2— Typical test set-up for checking the modulus of rupture of ceramic specimens at 
high temperatures. The white rounded-end rod is a shielded thermocouple. 


metal surface. Ceramic paints require 
no firing and are formulated to be 
brushed or sprayed and air dried. 

Ceramic coatings, on the other 
hand, are fired on. They are used to 
protect the base metal, whether low 
carbon or high alloy steel at tempera- 
tures within the plastic range of the 
metal. There are three types of coat- 
Ings: 

1. Graphites or carbons. Mixtures 
of graphite and metal powders, fire- 
polished to oxidize thé metal near the 
surface and to fuse the metal oxide 
to a continuous film 

2. Oxides. Metal oxides such as 
calcinated magnesia processed in the 
total absence of water 

3. Endothermic materials. Ma- 
terials which decompose endother- 
mically at high temperatures, such as 
mixtures of plaster and graphite. 

Solid ceramics are cast, sintered or 
transfer molded. Up to the present, 
ceramics that retain good physical 
pena up to a temperature range 
etween 2000 to 5500 deg F are con- 
sidered satisfactory. 

A large number of ceramics have 
been or are under development. Some 
ceramic and refractory types showing 
promise for high-temperature applica- 
tions are: 

.l. Metallic oxides (fused beryllia, 
zirconia and alumina) 
Metallic oxides 
metals 
Carbides, nitrides and borides 
bonded with metal and metal alloys 


bonded with 


i. Glazed and bonded graphite and 
carbons. 

The physical properties of most im- 
portance in high temperature applica- 
tions are short-time tensile strength 
and impact at room temperature, and 
short-time tensile strength, stress-rup- 
ture strength, creep rate, endurance 
limit, and thermal and shock resist- 
ance at high temperatures. 


Few comprehensive physical data 
exist for high temperature ceramics. 
The basic characteristic of all ceramics, 
particularly the metallic oxides, is their 
brittleness. In the low temperature 
range, ceramics break or crack with 


little indication of plastic flow when 
subjected to physical shock loads or 
thermal shock loads. Ductility is low. 
The stress-strain curve for the ma- 
jority of high temperature ceramics 
is straight and terminates at the value 
for ultimate strength. Ceramics with 
zero or near-zero porosity have no ten- 
sile yield point. Stress-strain curves 
for porous ceramics resemble that for 
cast iron. In the high-temperature 
range, however, these ceramics be- 
come somewhat ductile and take on 
the ductility characteristics of metals 
at lower temperatures. 

The brittleness of ceramics compli- 
cates testing procedure. Reliable ten- 
sile strengths are difficult to deter- 
mine by pull tests; instead, the 
modulus of rupture in bending is used 
as an indication of strength. (In Fig. 
2, a typical setup for the determina- 
tion of the modulus of rupture at 
high temperatures is shown.) How- 
ever, recent investigations on certain 
ceramics indicate that the tensile 
strength of ceramics cannot be pre- 
dicted from modulus of rupture values 
alone, particularly at high tempera- 
tures. Further determination of ten- 
sile test data depends on the develop- 
ment of suitable test equipment. In 
Table I, a number of ceramics now 
under investigation are listed together 
with their modulus of rupture at room 
temperature and at high temperatures. 
The data given was taken from a num- 
ber of sources. The significant fact 
indicated by the values of modulus 
of rupture shown in the table is that 
the new ceramics can be considered 
as structural materials. 

Most ceramics creep under the 
effect of sustained loading at high 
temperatures. A number of ceramics 
were tested by the National Bureau 


Table I—Strength of High Temperature Ceramics and Refractory Material 


Material 


Room temp 


Aluminum oxide bonded 
with chromium.......| 

Silicon carbide bonded 
with metallic silicon. . 

Silicon carbide bonded! 
with ferro-manganese-| 
silicon 

Silicon carbide-graphite! 
with glaze of ferro-| 
manganese-silicon | 

Silicon carbide and | 
alumina 

Zirconium oxide 


33,600 


Bervllia oxide 
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Modulus of Rupture—psi 


1800 F 2000 F 2250 F 2 


12,150 
12,000 


6,000 


400-800 










































































Molded circular segments tested in 


Fig. 3 


of Standards These tests showed 
that most of them begin to creep at 
approximately 1600 deg F. The 
tests showed also that the creep rate 
is roughly proportional to stress at 
a given temperature. Fig. 4 
the approximate range of creep rates 
for a temperature range from 1500 
to 2000 deg. F. 

Reliable data showing the perform 
ance of high temperature ceramics 
subjected to thermal shock is not gen 
erally available. Ceramics with coarse 
grain, loosely-knit structure show up 
better than dense fine-grain ceramics, 
Most of the 


Table I lose 


shows 


but are not as strong. 


materials shown in 


Mange of creep rates 
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Fig. 4—Range of creep rates at stress-at- 


rupture for several ceramics at elevated 


temperatures 
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a combustion chamber of a jet engine 


strength when exposed to tempera- 
ture cycling. Tests on several ce- 
ramics show losses in strength from 
10 to 38 percent. The exceptions are 
the metallic oxides to which silicon 
carbide has been added. Silicon car- 
bide increases the thermal conductivity 
of these and increases their resistance 
to thermal shock to a remarkable 
degree. 


MANUFACTURING METHODS 


Production of high temperature ce- 
ramic parts has been small. Several 
production methods are used. Each 
of these methods includes two steps; 
the preparation. of the ceramic ma- 
terial and the firing process. Before 
firing the ceramic body is in a "green" 
state. During firing the body shrinks 
as much as 20 percent. Consequently 
any attempt to maintain precise dimen- 
sions is difficult to realize in practice. 

Several current methods for manu- 
facturing ceramic bodies are: 

1. Compacting and sintering—using 
the techniques of powder metallurgy 

2. Slip casting—a mixture or slip 
is poured into a mold, and dried and 
fired in the mold 

3. Transfer molding—the ceramic 
mixture is mixed with a thermosetting 
resin and placed in a separate cavity 
of a wie. i mold. It is made plas- 
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tic and then introduced in the main 
mold cavity where it is molded (i.c. 

the resin binder is set up). The 
piece is then taken out of the mold 
and fired. 

4. Hydrostatic molding—spray- 
dried pellets of ceramic material are 
put in a rubber mold which is sub. 
jected to hydrostatic pressure to com- 
pact the material. The compacted 
part is removed from the mold and 
fired. 

The best molding method depends 
on the ceramic to be molded, the 
quantity, size and cost. Usually, fur- 
ther machining is required if the parts 
have to be held to close dimensions. 


DESIGN OF CERAMIC PARTS 





Most high temperature ceramics 
have little if any ductility at room 
temperature. Stress raisers such as 


sharp corners, notches and holes in 
highly stressed areas should be avoided. 
Attachments for ceramic parts can be 
designed to allow for some degree of 
freedom to avoid restraints that will 
introduce undesirable loads if the 
ceramic part creeps or expands. Toler- 
ances on dimensions should be gen- 
erous in order to reduce machining 
operations. 

On coated parts, ceramic coatings 
thin out at sharp corners; therefore it 
is necessary to know something about 
the thickness of the coating applied, 
and the way in which the thickness 
varies, in order to dimension the un- 
coated part properly. 

In common with metal die castings, 
ceramic parts, with a high ratio of 
surface area to volume, show higher 
strengths because of skin effect. The 
continuous surface film has greater 
structural continuity than the material 
within the piece. Because of this, 
physical properties obtained from tests 
of small specimens must be examined 
carefully before applying the data to 
the analysis of larger pieces. 

The strength of ceramic parts can 
be proved only by service tests under 
actual operating conditions; but recog: 
nition of the physical deficiencies en- 
ables the designer to exercise elemen- 
tary precautions during preliminary 
design. 

Although the latest developments 
in high-temperature ceramics leave 4 
lot to be desired, continuing develop- 
ment of existing types will bring about 
a gradual improvement in physical 
properties. To find wide use for ele- 
vated temperature applications, he 
physical properties of ceramics at high 
temperatures should approach the low 
temperature physical characteristics of 
the metals they replace. And must 
show more resistance to thermal shock. 
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| MECHANICAL ARRANGEMENTS FOR BEST MOTOR PERFORMANCE 
. Design of machine drives to obtain efficient motor operation and to make possible the selection 
h 


and use of the most economical type and rating of motor. 
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Drive and Load Factors 


That Affect Motor Selection 


Type of Drive: 
i : Drive Shaft: 
Direct coupling Horizontal 
Clutch drive Vertical 
Hydraulic coupling Tilting 
Belt drive 
Gear drive 
Built-in construction 


VUL 


^ A £ 
=> w= | 1 5 
9- (9 
Atmospheric Conditions: AND 


Temperature VENTILATION 
Moisture REQUIREMENTS Multi-speed 


SPACE 


Speed: 

Single speed 
Dirt 
Corrosive atmospheres 
Hazardous dusts and fumes 


Constant speed 
Variable speed 


e 


Torque Requirements For 


Machine Operation: 
Frequency 

Starting and accelerating machine load of starting and reversing 
Constant horsepower loads 
WR? load of rotating parts 
Torque multiplying loads 
Variable torque loads 
Constant torque loads 
Pulsating loads 
Friction loads 
Peak loads 
Overloads 
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Requirements for Space 


and Ventilation 
Inclosures for Ambient Conditions 


Space needed for mounting, install- 
ing, maintaining and ventilating a mo- 
tor is frequently overlooked. To make 
certain that the space provided for 
these purposes is ample, designers 
should check space with frame size 
dimensions as given in standard di- 
mensions sheets. These sheets can be 
obtained from any motor manufacturer. 

Space requirements for motors of 
given horsepower rating vary with the 
speed. High speed motors are smaller 
than low speed motors. Motor frames 
are designed to produce a given torque. 
The frame size increases with torque. 
To conserve space, therefore, keep mo- 
tor pe as high as possible. High 
speed motors cost less than low speed 
motors of the same horsepower. 

Vertical motors cost more than 
horizontal motors, therefore, the de- 
signer should strive for horizontal in- 
tallation wherever possible. 

Space limitations may affect the 
choice of motor. When space is lim- 
ited, designers should consider built- 
in motor construction, gear-motors, 





forced ventilation using external blow- 
ers, or a smaller frame motor with 
Class B insulation that permits higher 
temperature rise. 


Atmospheric conditions are governing 
factors in the selection of type of mo 
tor inclosure. In selecting type of 
inclosure, the designer should check 
first for ventilating capacity. He 
should then determine whether or not 
a cost differential would justify a 
change in the motor location or a 
change in the type of motor. 

For ordinary industrial conditions, 
use open motor. 

When not sufficiently protected by 
external covers from splashing liquids, 
use splashproof motors. 

When motor operates in air filled 
with moisture or gaseous fumes, use 
totally inclosed, fan-cooled motors, or 
open motors with special insulation. 
Specially insulated low-voltage designs 
may be necessary. 

When exposed to flammable gas at- 
mospheres, no more hazardous than 


TORQUE DETERMINES PHYSICAL SIZE OF MOTOR 


Bes I in. ER 


FRAME 225, TOTALLY 


ELT. 


1200 rpm 
2 horsepower 


Z 
ai Lae 
au 


gasoline, use Class I, Group D motors. 

When exposed to combustible dust 
atmospheres, no more hazardous than 
flour, use Class II, Group G motors. 

When installation is outdoors in 
all climates, use totally inclosed, fan 
cooled motors. In mild climates, 
splashproof motors may be adequate. 


Ducts of ample area to supply cool 
air should be provided in machine 
compartments and unit housings that 
inclose motors. Limited ventilation 
may cause motor burnouts. 

Temperature-rise ratings of motors 
assume that the normal ambient tem- 
perature is not more than 40 C. For 
ambient temperatures exceeding 40 C, 
Class A insulated motors with lower 
temperature rise may be used provided 
the total temperature (ambient plus 
rise) does not exceed 90 C for open 
and 95 C for inclosed motors. These 
limits may be raised to 110 C for open 
motors and raised to 115 C for in- 
closed motors by using Class B insula- 
tion. 


TORQUE OF MOTOR IS FIXED BY ITS 


INCLOSED, FAN-COOLED 


MASS OR SIZE, THIS IS BASICALLY COR- 
RECT FOR SPEED GREATER THAN 600 
RPM. TORQUE IS A FUNCTION OF VEN- 


TILATION IN SO FAR AS VARIATIONS 


ARE CONCERNED 


1800 rpm 
3 horsepower 


5 horsepower 


TORQUE PRODUCED BY FRAME 225 





Couplings 
an 


Clutches 


D riven machine should always be 
coupled directly to motor shaft when 
machine speed is the same as the motor 
speed, provided that the motor starting 
torque is sufficient to start the machine 
with its connected starting load. 

Flexible couplings of many types are 
satisfactory. In selecting a coupling, 
factors that should be considered are: 
Size and space requirements, degree of 
shaft misalignment permitted, initial 
cost and maintenance. 

Splined couplings readily permit 
withdrawing the motor for servicing in 
applications where a coupling between 
motor shaft and driven shaft is inac- 
cessible. 

Shear pin couplings protect both the 
machine and the motor from excessive 
overloading when the possibility exists 
of a machine jamming. 

Built-in construction offers many 
advantages where direct connection is 
possible. Stator shells and shaftless 
rotors of standard motors frequently 
can be incorporated in a machine with 
savings in space and cost. 

Clutches may permit use of smaller 
motors when torque required to start 
a machine is much larger than that re- 
quired when machine is running, al- 
though a high torque motor of no 
larger frame size may be available. 

Clutches used to bypass starting loads 
sometimes permit motor starting across 
the line, thus, simplifying the starting 
equipment. 

Mercury clutches and clutches of the 
centrifugal type installed between the 
motor and its load provide automatic 
torque control and overload protec- 
tion. In operation, the inertia delay of 
the actuating mercury or parts retards 
the engagement of the friction mem- 
bers long enough for the motor to 
reach full speed before it picks up the 
load. The motor is thus able to exert 
its running torque to start and accel- 
erate the machine load. 

Compressed air clutches of the ex- 
panding gland type not only permit the 
motor to come up to speed before the 
machine load is applied, but also can 
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be controlled to exert different 
amounts of grip between the clutch 
members and thus control the torque 
delivered by the motor. Shock loads 
are cushioned by air-filled gland, thus 
relieving the machine and motor from 
excessive strains. 

Multiple metal disk clutches and 
those of the dished plate type permit 
some latitude of slip in starting and 
under overload. The speed of pick 
up depends upon manual operation. 

Rapid deceleration and quick stop- 
ping can be obtained with mechanical 
brakes, magnetic brakes, dynamic brak- 
ing, or plugging. 

Motors with built-in brakes are in- 





tended to be used for holding loads 
and for stopping the motor rotor, but 
not for lowering or stopping loads 
On cranes and hoists, therefore, the 
brakes in such motors are to be u 
only as an auxiliary to automatic me 
chanical load brakes, other mechanical 
brakes, or to dynamic braking or plug 
ging control. l 

Quick stopping may be essential for 
other than mechanical or operational 
considerations. The designer should 
decide whether quick stopping is nec 
essary to prevent serious injury to the 
operator in the event that his arm 0! 
clothing should be caught in the 
machine. 
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Belt and Chain 


Belting is a simple, inexpensive and 
dficient form of drive for machines in 
which it is not necessary to maintain 
an absolutely fixed ratio between the 
motor and the driven shaft. 

Under heavy overloads, belts will 
lip on the pulleys. Because of their 
inherent ability to stretch under load, 
they will absorb a portion of the shock 
of suddenly applied loads, and thus 
protect to some extent both motor and 
driven machine. 

V-belts and flat belts made of 
leather, fabric, and rubber composi- 
tions, and specially tanned or water- 
proofed leather belts, can be selected 
to meet practically any atmospheric 
condition. Space required and mainte- 
nance costs of belt drives are usually 
more than for other types of mechan- 
ical transmissions. 

Belt tension adjustment is a constant 
problem. Sliding bases are almost 
always used to obtain belt adjustment. 

Pivoted motor mountings, though 
in some designs are difficult to include, 
take up the slack as the belt stretches 
under load and thus reduce slip. 

Drives in which the belt is horizon- 
tal, or not more than 45 deg from the 
horizontal, usually perform satisfac- 


y. When the lower side of the 
belt is the tight or driving side, the 
sag of the upper side increases the arc 
of belt contact on the pulleys. Mount- 


torily. 


ing one pulley vertically above another 
should be avoided, especially when the 
lower pulley is the smaller. 


CENTER DISTANCE. A short center dis- 
tance is unsatisfactory. With a short 
belt, the rate of. flexing each cross- 
section per revolution may be great 
enough to destroy quickly the resili- 
ency of the belt. Shortening the center 
distance reduces the arc of contact on 
the smaller pulley, thus reducing the 
amount of power that can be effectively 
transmitted. 

Minimum center distance should be 
at least two and a half times the di- 
ameter of the large pulley, with from 
three to five a better value. 

Width and thickness, or cross-sec- 
tion, of belting should be determined 
on basis of peak loads and possible 
overloads, which do not necessarily 
correspond with the horsepower rating 
of the motor. 


BEARING PRESSURES in the motor and 
deflection of the motor shaft result 


Drives 


from belt pull. Belt pull is a function 
of power transmitted, pulley diameters, 
and arc of contact. Application. of 
standard motors having two bearings, 
of course, is limited by considerations 
of bearing pressure, bearing speed and 
shaft deflection. 
creases as the pulley diameters become 
smaller. 

Three-bearing construction to obtain 
additional bearing surface may be an 
advantage where abrasive dust and grit 
arc present. 

Maximum bearing loads for a few 
standard frames with two sleeve bear- 
ings are: 


Bearing pressure in 


Frame Max load, Ib 


B-204 &0 
B-224, 

B-254 

B-284 

CD-73 

CD-83-: 

CD-93- 


CHAIN Drives. Chain speed, silence 
of running, wear life and freedom 
from maintenance will vary according 
to the combination of pitch, sprockets, 
and chain width. 

Pitch of chain should be selected 
to give smooth and silent running in 
chain drives for business machines, 
moving picture projectors, bakery and 
laundry equipment. 

Speed of the faster running shaft 
establishes the maximum pitch that 
should normally be used. The number 
of strands of roller chain or the width 
of the toothed or "silent" chain is 
determined by power to be transmitted. 

Speed of either silent or roller 
chains in feet per minute is the num- 
ber of teeth in the sprocket times the 
chain pitch in inches times the revolu- 
tions per minute divided by 12. For 
the same number of teeth and revolu- 
tions per minute, the chain speed is 
directly proportional to the pitch. 

Service factors can be furnished by 
engineers of the chain manufacturers 
by which rated capacities must be mul- 
tiplied to conform to service conditions 
such as lubrication, shock or pulsating 
loads, position of the drive, inter- 
mittent or continuous service, distance 
between sprocket centers, speed ratio 
and similar variables. 





ear Drives 


W nen determining the safe duty 


limits of a gear train, the designer 
should not neglect to recognize that 
the duty required of gear trains in ma- 
chines and equipment is different than 
that required of motors. 

Gears may be abused by excessive 
loads of any duration, whereas the 
continued operation of the motor is not 
greatly affected, except by excessive 
duration of overloads. 

Gears must be designed on the basis 
of working stress developed during 
shock and stalled loads, or with a 
specified maximum variation in load, 
rather than on the normal full-load 
torque of the motor. Consideration 
must also be given to "hunting" caused 
by the flywheel effect of high inertia 
loads, or the recurrence of the high 
point in a varying cycle on the same 
tooth. 

Gears can be driven in either direc- 
tion. of rotation, But if so, the de- 
signer should specify minimum back- 
lash required and minimum end play 
in the bearing assembly. 

Bevel gears, spiral gears, helical 
gears, and worms require thrust absorb- 
ing arrangements to resist the thrust 
components of load. 

Herringbone gears provide continu- 
ous tooth contact without axial thrust. 
Herringbone gears give smooth oper- 
ation, are efficient in performance and 
have long life. 

To avoid excessive bearing pres- 
sures and shaft deflections in motors, 
minimum diameters of pinions have 
been established by motor manufac- 
turers on the basis of power trans- 


11S 


mitted, the speed and the tooth angle. 

Maximum pitch-line speed for steel 
pinions is about 1,300 ft per min. 

A high speed motor geared down 
to machine speed may be less costly 
than a directly coupled, low speed 
motor. More maintenance may be re- 
quired than for direct coupling, but 
maintenance is less than that required 
for a belt drive. Less space is needed 
for a gear train than for a belt drive. 

Fixed speed, geared drives cost more 
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than belt drives, but they are more 
compact and allow the selection of an; 
speed ratio. 

In single reduction and the firs 
stage of double reduction worm gear 
ing, where high speed is likely to cre 
ate noise, a laminated plastic gear i 
often used with a hardened steel worm 
In the second step of the double re 
duction where high torque transmis 
sion is important and noise caused by 
speed is not likely to exist, metallic 
gears are used in conjunction with ; 
hardened steel worm. 

Gear-motors, that 1s, motors with à 
built-in speed reducer, provide compac 
drive arrangements. Gear-motors art 
built in several types of mechanical 
constructions with speed ratios of 3 tc 
1 upwards. Capacities range from frac 
tional horsepowers to more than 5( 
horsepower. 































Gear-motors operate without me / 
chanical slippage and can be installed J the 
in less space than is required for affonl 
belt and pulley drive. mot 

For output shaft speeds of 600 rpm fa sl 
and less, gear-motors may be more up 
economical and efficient than beti A 
drives. in 2 

When specifying the torque desired fcon 
in a gear motor, the designer should I spe 
state whether the torque is that de ( 
veloped at the motor shaft or at the fof 
gear motor output shaft. ope 

Misalignment with consequent gear J effi 
wear can be reduced to a minimum by [mis 
providing a stiff mounting for the gear [. € 
motor as close as possible to its gear fing 
shaft extension. spe 
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Hydraulic 
Couplings 


Hydraulic couplings transmit power derived from the 


mass and velocity of the fluid set in motion on the prime 
mover side of the coupling. Prime mover and driven 
machine are not connected mechanically. 

Motors and driven machines can be directly connected 
by hydraulic couplings or through belts, gears, chains, or 
speed reducers. 

Hydraulic couplings are not designed to correct mis- 
alignment. They must be installed with reasonable care 
and accuracy. 

Installed between motors and driven machines, hydraulic 
couplings make the maximum running torque of the motor 
available for starting and accelerating heavy inertia loads. 

At starting, since no mechanical connection exists between 
the motor and the driven machine, the load on the motor is 
only the shear resistance of the hydraulic fluid. As the 
motor speed increases, the hydraulic torque builds up at 
a slower rate and uniformly accelerates the machine load 
up to its running speed. 

After starting, the motor reaches its peak torque speed 
ina few seconds. The motor then retains this speed. No 
conditions of operation can pull the motor below this 
speed. 

Output torque is always equal to full input torque. Slip 
of 4 to 5 percent is inherent in the coupling at normal 
operating load and speed, so that the maximum power 
efficiency is about 95 percent or better, but torque trans- 
mission is always 100 percent. 

Current consumption falls rapidly from the initial start- 
ing current as the motor speed increases to peak torque 
speed. Motor heating and power demand are thus mini- 
mized, and motor control circuits are simplified. 

At peak torque motor speed, full motor torque is avail- 
ible for any machine torque from zero to 100 percent. 


OVERLOAD PROTECTION. Overloads slow down the driven 
member of the coupling and the excessive torque of the 
overload is absorbed by the stored WR? energy of the 
rotor. 

Shock loads from the driven machine are smoothed out 
and cushioned before they reach the motor. 

Shock waves never strike solid resistance, therefore, 
driven machine and motor are not subjected to severe 
mechanical strains. 

With a stalled output shaft, the motor speed decreases 
to maximum torque speed and the torque increases corre- 
spondingly. The excess current eid at this speed trips 
the overload electrical controls before the coupling becomes 
overheated. 

Torsional vibration of the motor or driven machine is 
dampened out by the coupling. 

Coupling size is normally selected to give from 3 to 5 
percent slip at full running load and full speed. 


Hydraulic coupling has no mechanical 
connection between power source and 
driven machine. Incoming power rotates 
the impeller, drives the runner, and is 
delivered at output shaft. 
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Horsepower = 





Torque and 


Horsepower * 


Turning moment exerted by a motor 
is expressed in terms of torque. It is 
the pum of a force and the per- 
pendicular distance from the line of 
action of the force to the axis of rota- 
tion. Torque is usually expressed as 
pounds of force acting at a radius of 
one foot. 


Where 


P 


force acting, lb 


R = radius at which P acts, ft 
T = torque, lb-ft 
T = PR 


Horsepower is work done per unit of 
time. One horsepower equals 33,000 
ft-lb of work per minute. When work 
is done by a source of torque to pro- 
duce M rotations about an axis, the 
work done is 


2r RPMor2 x TM 


When rotation is at the rate of N 
rpm, the horsepower H delivered is 


50 wv 


Torque = 50x /O 
= 500 ib- ft = 500 ib-ft 
500x /05 


5250 Horsepower = 


5250 


= /Onhp z/Ohp 


1X 


500x!05 





30 


25 


N 
o 


Torque,Lb Ft 
a 





E j 
? T ) N 2 3 
I rt vb (1) 
35,000 5,250 
Or 
"I 33 ,000// mu E 
= memen 5 250 —p 
UA T. @) 
= 63,025 - , in.-Ib (3) 


When work is done to move a load of 
P pounds through a distance 5 feet in 
t minutes, the horsepower H expended 
by the prime mover is 


PS 
" ~ 33,0007 
Example: A drilling machine requires 
12 tons feed pressure and the feed 
speed varies from 3 to 6 » min. 
No load rapid traverse speed is 250 
ft per min. Frictional load at all speeds 
is 600 Ib and for practical purposes 
is essentially constant. 


ii 
eL dud 


) 
BY 
Torque = 500x/ 
=500/b-ft 


500x105 


Horsepower = ELI 


=/O hp 


Horsepower = 


TORQUE PER HORSEPOWER 
FOR DIFFERENT SPEEDS 


1,000 Rpm 


Horsepower required for feed a 
maximum speed is 


E 33,000 X 1 


='0.373 hp 


Horsepower required for rapid traverse 
is 
600 X 250 -— 

H= F000 x1 55m 
Instead of using one 5 hp variable 
speed motor to drive both feed an 
traverse, it would be much more eco 
nomical and satisfactory for the de 
signer to use a 4 hp variable speed 
motor for the feed, and a one speed 
5 hp motor for the traverse. A 5 hp 
variable speed motor would cost more 
than a 3 hp variable speed motor plus 
a 5 hp one speed motor. 

In addition, a 5 hp variable speed 
motor would have a smaller spe« 
range than a 1 hp variable spe& 
motor. 


40,000 x 66 
33,000 x8 











na 
runn 
ing 
deliv 
the í 
pose 
grea 

utp 
iS ge 
spee 





H, 


ther 





the 


i 


T 
and 
char 
pe 
erat 
pro 





Paopucr ExciNEERING — Marcu, 194 Pr 











Multiplication of Torque 


ll: 1 motor-driven pulley or gear train 
running at constant speed, disregard- 
ing frictional losses, the horsepower 
delivered by the motor equals that of 
he output shaft. But the torque im- 
posed on the motor shaft may be 
greater or less than the torque on the 


* 


- „Output shaft speed Nö 

























a output shaft of the train. Which torque Torque % = RW 
is greater depends upon the ratio of the 
speeds of the shafts. Where a 
ed af Hn = horsepower delivered by motor Er. 1 s 
shaft * AI Mem 
H, = horsepower delivered by output SPEED REDUCTION TRAI 
om x SES eee 
T, = torque on motor shaft, lb ft , 
T, = torque on output shaft, lb ft ; ; 
Nm = speed of motor shaft, rpm 
l N, = speed of output shaft, rpm ; 
averse rabia py E aiu MELLE E A 
Ld ZEE n aA EET 
in = -TR 70329 = Me sedia een vun, MENT 


6 
--Output shaft speed No 


__ Pherefore the torque T,, at the motor 
riable shaft that results from a torque T, at 
| aniffhe output shaft is 





P eO 

€ " n- To No (5) 

speed Ns 

speed SPEED INCREASE TRAIN 


5 hp These relations between horsepower 
more§ind the effects of introducing speed 
 plusfichanges in a drive, such as the use of 
peed reducers, are important consid- 
erations in selecting a motor that will 


speed 
produce a desired torque. 


speec 


5 peec 
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Ratio of Torque on Motor Shaft to Torque 
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Friction 
Loads 


Mating surfaces of bearings, sliding 
parts and gear teeth may offer static 
friction forces when starting a ma- 
chine that are many times greater than 
the friction forces present in the ma- 
chine when running. 

In machines that have been idle for 
several hours or more, thin lubricant 
may drain from the mating surfaces, 
destroy the oil film and promote the 


formation of dry spots, and thus cause 
the mating surfaces to be only partially 
lubricated when the machine is started. 

Lubricants lose some of their ability 
to flow when cooling from running to 
ambient temperatures. The capacity 
of a lubricant to form an effective oil 
film decreases with temperature. 

To obtain low breakaway torque of 
the machine and thus ease motor start- 


Friction, 75 Ib 


< — — — c. 


—+ Tension, 50 /b 


cen 0 a Wan pesp M3» fm Xin m Om ng 


Winding speed, 


500 ft per min 
—_— 








a 


- —6 in.dia — 


ing in direct connected machines, it 
important that friction forces be re 
duced as much as possible through th: 
use of low-friction materials and bea: 
ings and efficient lubricating method: 

Friction forces in machines operatin; 
at constant running temperature ar 
practically constant regardless of speec 
But the power required to overcom: 
the torque of friction loads increase 
directly with speed. 

Before selecting a motor to drive ; 
variable speed machine, espceciall 
when the work load is small in com 
parison with the friction load, it i 
highly desirable to determine the fric 
tion torque of the machine by test. 

In many machines such as winding 
reels and spoolers that operate at vari 
able speeds and a constant work load 
the horsepower required for the worl 
may be constant, but the horsepower 
required to overcome friction torque in 
the machine will increase directly as the 
speed. 


EXAMPLE: A variable speed reel with 
a 6 in. dia winding roll winds material 
at the rate of 500 ft per min under a 
tension of 50 Ib. Rolls up to 21 in 
dia are wound. Friction torque on the 
reel is 75 lb-ft. Speed of reel varie 
from 318 to 91 rpm to maintain con. 
stant linear winding speed. 


Horsepower required when starting 
to wind on empty reel: 


For tension [From Eq (1)] 


im 6 318 
" x (zz) 5,250 


For friction [From Eq. (1)} 


75 X 31! - 
ie —— "TY 


Total hp required at high speed 


H = 7.55 + 4.54 = 12.09 


Horsepower required when reel is full 


For tension [From Eq. (1)] 


21 | 
H = 50X (x 5) X 75 


For friction [From Eq. (1 


75 X 91 


"o 


= 1.30 


Total hp required at low speed Is 
H = 7.55 + 1.30 = 8.85 


Note that the horsepower required to 
overcome tension is the same at high 
as at low speed, but that 3.24 hp 
more is required to overcome the fric 
tion torque at high speed than is © 
quired at low speed. 
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Bearings and Lubrication 


Bearings for supporting shafts should 
be widely spaced to give positive 
alignment, especially when loads are 
overhung. 

Long running fits at bearings help 
in preventing entrance of dust, dirt, 
water and corrosive materials. 

Cartridge-type bearing housings ex- 
dude dirt even when removed from 
1 disassembled machine. 

Prelubricated bearings can be used 
in machines at places where access for 
lubrication is difficult. 

Friction of rolling contact bearings 
of the ball, needle, straight roller, and 
apered roller types, is not only low, 
but is almost entirely independent of 
speed, load and temperature. Starting 
friction is not much greater than run- 
ning friction. 

Porous bearings of sintered mix- 
tures of copper, tin, and graphite pow- 
der, when impregnated with oil will 
perate for long periods of time with- 
out further lubrication 

Bearing seals keep dust and grit out 
of the bearing and thus protect the 
bearing and journal surfaces. These 
seals also retain oil in the bearing. 

Sleeve bearings permit considerable 
axial movement of the shaft when 
there is no interference from shoulders. 
Misaligned pulleys will cause shafts 








to weave, if shafts are shouldered the 
shoulders may quickly pound and upset 
the ends of sleeve bearings. 

For horizontal operation, motors of 
sleeve or ball bearing type may be 
used. In applications where slight 
end thrust occurs, ball bearings are pre- 
ferred. Because of lubrication difticul- 
ties ball bearings are preferred when 
motor operates in a vertical position. 


THRUST AND END PLay. Direct con- 
nected machines such as propeller- type 
fans and deep well pumps may impose 
axial thrust on motor bearings. 

Standard ball bearing motors may 
have sufficient capacity to take mod- 
erate end thrust. Heavy machine 
thrusts may require plate type oil lub- 
ricated bearings 

Machines in which end play must 
be held to extremely small amounts 
may necessitate the use of preloaded 
ball bearings or sleeve bearings with 
end play limiting arrangements. 

On machines that operate under ex- 
treme variations of temperature, where 
temperature changes cause appreciable 
extension or shortening of shaft length, 
a thrust bearing near the motor end 
of the machine will permit shaft to 
move laterally at the free end. 

Tapered roller bearings give positive 






























































shaft alignment and carry high thrust 
loads. Adjustable mountings are re- 
quired to take up and limit end play. 

Worm shafts in which the ix 
tion of rotation reverses should be pro- 
vided with thrust bearings of sufficient 
capacity to absorb thrust loads in both 
directions. 

Adjustable outboard bearings on the 
ends of long worm shaft extensions 
from motors prevent distortion and 
consequent faulty meshing. 


LUBRICATION. Breakaway torque, that 
is, torque required to overcome start 
ing friction caused by cold lubricating 
oil, poor distribution of lubricant, and 
dry spots in bearings, varies with the 
type and amount of lubricant, tempera- 
ture, and frequency of starting. 

Viscosity of lubricant should be se- 
lected on the basis of ambient and run- 
ning temperatures. Shot lubrication 
before starting machines eases starting 
loads on motor and reduces wear of 
rubbing surfaces. 

Oil baffles, slingers, and labyrinth 
packings on the inboard side of bear- 
ings in inclosed machines reduce the 
loss of oil caused by circulation of air 
through the bearing. In dusty loca- 
tions, these devices help prevent abra- 
sive dust reaching shaft and bearings 

Oil-saturated woven felt washers can 
be used to lubricate ball bearings. 

Passages for return of lubricant to 
the supply reservoir should be large 
enough to provide ample circulation. 
Oil wells should be large and have an 
oil filler opening on top and a drain 
plug at low point. 

Overgreasing and subsequent over- 
heating of bearings can be prevented 
with pressure relief arrangements on 
grease chambers. 

Bearings operating in high tem- 
perature can be lubricated by oil bleed- 
ing into them from grease in an ad- 
joining cavity. This method of lu- 
bricating bearings prevents sticking 
caused by soap base remaining in the 
bearings after a high temperature 
operation. 


To accelerate any part of a machine 
from rest to a given velocity, energy 
must be given to the part. This energy, 
neglecting friction and windage losses, 
is equal to the energy possessed by the 
part when moving at the given velocity. 
Where 


W = weight of part, Ib 

V = linear velocity, ft per min 
acceleration of gravity, ft per sec 
per sec 

M revolutions, per min 

R radius of gvration of part, ft 

E = energy, ft-lb 


Kinetic energy in a sliding part that 


A 


did d shaft, 


Torque Required t 


moves in a straight line, such as car- 
riages, tool heads and pistons, is 


WV? wr, b 
E = E (=) = 231,840 ft-lb (/) 
Kinetic energy in parts that rotate 


about an axis, such as gears, pulleys 
and rotors, is 


E = 2 [2 wR ()] 


WR N? 
= —C$892 , ft-lb 


This equation is derived from Eq (7) 


Drive shoft 
speed Ng 


by substituting for the linear veloc- 
ity V the velocity of the point in the 
rotating part, at distance R from the 
axis, at which all the weight of the 
part can be considered to be concen- 
trated and the moment of inertia of 
the mass of the part remain the same, 
thus 


V =2x R N, ft per min 


Force required to accelerate a part 
moving in a straight line, and the 
torque required to accelerate a rotat. 
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Accelerate 


ing part, is always greater than that 
necessary tO maintain motion at a con- 
stant velocity. 

The force F required to accelerate 
apart from rest to a velocity V (ft 


per min) in a straight line in / sec- 


onds is 
Wl E WI db 
60: 1,952 
or 
Wd 1,932 7¢F 
or 
WF*2-1,93221:FFV 9 


The torque T required to accelerate 
a part from rest to a rotation of N 
revolutions per minute about its axis 


ja 
IR? 


, Ib-ft 10 


n ¢ seconds is 


II 2r RA 
l = FR ( 


oUt. 


^ 


308 1 


308 ¢ 7 

or VR A 11 
Normally in the power train of a ma- 
chine the rotating parts, such as gears 
and drums, rotate at a different speed 
than that of the driving motor. To cal- 
culate the torque required to accelerate 
such a system, the WR? of each mov- 
ing part is reduced to an equivalent 
WR? about a common shaft, usually 
the motor shaft, and then the WR.’ 
of the respective parts are added to- 
gether. 

The equivalent W'R,* of a rotating 
part referred to the motor shaft is ob- 
tained by means of the energy Eq (8), 
thus where N,, is the rpm of the motor 
shaft the kinetic energy in the rotating 
part 


Machines 


or 


WR, = WR (N/ Ny 12 

Referred to the motor shaft, the 
equivalent W'R^, of a part moving in 
a straight line is obtained from Eqs 


(7) and (8) in the same manner, thus 


l IF J? IR, N? 
231,840 5,872 
or 
W I d 
WR Da 13 
Example: Compute the total equival- 


ent WR’. at the drive shaft for the 


power train shown here. 


W here 

J’ = lineal velocity of rack and load, ft 
per min 

A = total WR? of rotating parts on the 
drive shaft 

B total W R? of rotating parts on inter 
mediate shaft 

C = total WR of rotating parts on final 
shaft 

D W F? of lineally moving rack and 
load 


Na rpm of drive shaft 
V, — rpm of intermediate shaft 
Ve = rpm of final shaft 


WR, total equivalent JP R?, referred to 
drive shaft for complete power 
train 

WR, 1+ B(N,/N 
C ( N,/ N, D/39 48 N*, (14 


Torque required at the drive shaft to 
accelerate this WR*, load from rest to 
a drive shaft speed of N, rpm in / s« 
from Eq(10) is 


WR, N, i 
FR —-, lb-ft 


Ta = men 
308 t 





In a machine where the motor is 
coupled directly to the drive shaft, the 
Tm required at the motor shaft to ac- 


I W R N? WR, N 
‘3,872 _ 5,872 
) " 
Propucr ENGINEERING — Marcn, 1948 


celerate the W^R*, of the load and the 
W’R’,, of the motor is 


WR, + WR) Neo 


y = 





When the motor is connected to the 
drive shaft of the machine by a belt, 
the motor having a speed of N,, rpm 
and the drive shaft a speed of N, rpm, 
the torque T, required at the motor 
shaft to accelerate the W R°. of the 
load referred to the drive shaft and 
the WR, of the motor referred to its 
shaft is 


WR N, 


WR, (N./N. 
08 : ene reta 





In addition to the torque required 
for acceleration, additional torque is 
required to overcome load torque, fric- 
tion torques and break-away torques. 

Torque at the drive shaft caused by 
load P from Eq (5) is 

ELM S 

Ne 


or at the motor shaft 


Torque that results from the fric- 
tion on parts such as bearings, gears 
and windage, and break-away torque 
caused by the static friction of oil and 
grease in bearings, are often large 
enough to be considered. These torques 
can be expressed in terms of equivalent 
torque 7”,, at the motor shaft by 
using the same procedure as with other 


torques. 

To start and accelerate a machine 
and to overcome load and friction 
torques, therefore, the motor must 


produce a torque T on its shaft such 
that 


T- T. 4 T. 4 T", 





WR’ of Parts 


WR” of rotating parts varies directly 
as the weight of the unit volume of 
the material used. For a part of given 
dimensions, therefore, a smaller WR’ 
can be obtained by using a material 
having a smaller weight per unit 
volume. 

WR’ of rotating parts can some- 
times be reduced by decreasing the di- 
ameter of the part. 


— 


WEIGHT OF METALS, i 
Pounds per Cubic Inch 


Magnesium . 
Aluminum 
Cast iron. 


Copper 
Bronze 


Parts having complex shapes of 
revolution often can be considered to 
consist of component or elemental 
disks. For such shapes, the W'R* of 
the part can be readily calculated by 
adding together the WR? of the ele- 
mental disks that make up the part. 
The log-log chart presented here gives 
the WR* of 1 in. thick disks for a 
range of diameters and different 
metals. 

On this chart, diameters are plotted 
in inches and WR? in lb-ft squared. 
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WR? OF PARTS 






Radius of Gyration R, Weight W, Ib 
í M W = Weight per cu in. 
of material, Ib 


CIRCULAR CYLINDER 








1.360 wL D? 





170.4 w L D* 


0.354 \/D,? + D,? 1,360 w L (D;? — D,?) 170.4 wl (D,* — D,*) 






















rac —- 
RES 5426abwl 5426 abwL |: 
> : 
CIRCULAR CONE 
re - Dft =o 
ii 452 w D? L 337 wD*L 
3.66 w Jw 
FRUSTUM OF CONE 
en 
! 5" — D,” ) -— i g 
mgA [453 (D,* + D,?) + UE Ec 0,7) + 
ww 51/0, 0] wl 





38. "rx wl 






0.5 \/ 4o? -- 3b? 33,938 w a b? 8,485 w a b? (4 a? + 3b?) 





R = reaction at fastenings, ib 


T = motor torque, ib ft 
LIA 


= 


Bedplates, 
Mounting 


Brackets 
and 
Flanges 


B edplates, bracket structures, and 
flanged arrangements for mounting 
motors to driven machines should be 
designed not only to permit easy as- 
sembly and maintenance, but also stiff 
enough in torsion to resist the torque 
of the motor. 


= 


l 


8 


LI 
- 
E 


R » reaction of fastenings, /b 
P= machine torque, ib ft 
R = P/e, lb 


Section A—A 





Flange mounted 
motor 





AR 


XQ 


hy 


A 
& D, ft ` d 
RS g À p 
S $ 
Mounting 
bolts 





D = diometer of bolt circle, ft 
n = number of bolts 

T = motor torque. lb ft 

R - shear reaction on bolt, Ib 
R =27/nd, Ib 


LOAD ON FASTENINGS OF 
FLANGE MOUNTED MOTORS 


—À 
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S election of motor speed is an im- 
portant factor that affects the perform- 
ance of a motor. 

A 2 hp two-speed motor (1800/900 
rpm, single winding, open frame, con- 
tinuous duty, frame size 225) was 
used to drive a grinder feed. This 
motor became too hot and the wind- 
ings burned out. The mechanical de- 
signer decided the motor was deficient 
in horsepower. Since space was limited, 
the designer's solution was to substi- 
tute a 3600/1800 rpm, two-speed 3 hp 
motor using the same frame. With 
the higher speed motor, burnouts were 
worse than before. 


INVESTIGATION REVEALED 


1. Motor was stopped and reversed 
by plugging at rates as high as 25 times 
per min. Also on some cycles the 
motor speed was changed as frequently 
as 10 to 15 times per minute. 
2. Torque required for operation was 
about 0.7 Ib-ft. This torque was es- 
sentially constant at all speeds. 
Substituting a motor having the 
same size frame and twice the speed 
was not a correct solution, because the 
higher speed motor has a lower torque 
speed curve, that is, the area under 
the curve is smaller. The acceleration 





Case History. In a portable motion picture projector driven 
by a universal motor through a low ratio belt drive, a manufacturer 





torque delivered by the motor, there- 
fore, will be less. 

When a motor is plugged from one 
direction to the reverse, the heat gen- 
erated in the motor is approximately 
four times that generated in starting. 
The heat generated depends upon a 
motor design ratio factor. 

It was evident that high tempera- 
ture resulted not from running load, 
but from inrush current at starting, 
plugging and speed change. Since a 
motor frame produces constant torque, 
the frame 225 will produce practically 
the same torque at lower speeds. 

The losses resulting from the inrush 
current could be calculated, but the 
cycles were so different that the answer 
would be indefinite. The practical 
solution was to build a 900/450 rpm 
motor and rate it 3 hp, and to make 
suitable pulley and belt changes to ob- 
tain correct final speed. This motor 
produced 4j lb-ft torque at the high 
speed. Test proved this motor satis- 
factory. 

Later tests proved that a frame 204 
gave about 3 hp, or about 1j lb-ft 
torque at 900 rpm, which was ample. 
Lower speeds lowered inrush current 
and also resulted in a lower WR? to be 
accelerated. 


desired to have a relatively low operating speed. The circuit included 
a rheostat and high starting torque was needed. 

These two requirements could not be met with an efficient motor 
having the necessary low speed rating. 

Increasing the pulley ratio between the motor and the projector, 
permitted the use of a moderate speed motor that could produce a 





high starting torque at reduced speed. 












Case History. To drive an evaporator fan at about 1750 rpm, 
a manufacturer wanted a motor that would operate on both alter- 
nating current and direct current. To build an efficient universal 
motor for this speed is difficult. 

The solution was to change the size and design of fan so that 
it could be driven at about 3,000 rpm. At this speed a standard 
universal motor could be used, thus the customer got a less expen- 
sive motor. 
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Motors should not be selected solely 
on the basis of torque and power re- 
quired at maximum load, except when 
it is known from experience that the 
characteristics of a given motor will 
give satisfactory performance. 

Torque and power requirements of 
the duty cycle should be carefully 
analyzed before a size and type of 
motor is selected, especially when 
starting, stopping, and reversing of 
load are frequent. Torque and power 
requirements should be measured by 
test or computed for periods of full 
load, partial load, overload, starting 
and reversing. 

Standards for motor temperature 
ratings define safe limits of operation 
only under definite conditions. Such 
ratings do not take into considera- 
tion. all the conditions met with in 
actual service. 

With the duty cycle, torque and 
power requirements determined, a mo- 
tor should be selected that has the 
necessary thermal capacity and operat- 
ing characteristics for proper per- 
formance. 

Excessive overloading may cause a 
breakdown, but appreciable underload- 
ing is uneconomic when motor capac- 
ity is not used. 

Mechanical strength of shafts, bear- 
ings and couplings; and effectiveness 
of lubrication; are factors that limit 
the amount of safe overloading. 

Overloading should also be con- 
sidered in relation to the temperature- 
rises permitted by the motor rating. 
Overloading is limited by the tem- 
perature reached under the. most 
severe ambient temperature conditions. 

Effect of temperature is important 
since it controls the life of the in- 
sulation Electrical and mechanical 
properties deteriorate at all operating 
temperatures. Rate of deterioration 
depends upon both temperature and 
time. 

Heat produced in a motor varies 
as the square of the current, therefore, 
successive and frequent starting, re- 
versing or momentary overloads, 
which take more than normal running 
current, may produce a temperature 
rise exceeding that permitted. 

Uneconomic utilization of motor 
capacity frequently results when a 
horsepower rating is selected on the 
basis of a peak loading that occurs for 
a comparatively short time during an 
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Load and Thermal Capacity 





intermittent load or a varying load. 
The thermal capacity of a motor is 
not used adequately under such load- 
ing if the temperatures reached are 
below the maximum permissible. 
Where there is a reserve of thermal 
capacity during short periods of the 
duty cycle, it is generally permissible 
to operate with a reasonable overload 
during a period of peak loading. 
Permissible overloads for Standard 
60 cycle polyphase induction motors 
for different ambient temperatures 
and hours of use are given in the 


accompanying ^ Load-Time-Tempera- 
ture Table. 
Excess motor capacity can be 


checked by investigating the loading 
over representative duty cycles and 
times. With known or calculated 
values of load and time for a duty 
cycle, the thermal effect of the differ- 
ent loadings are determined so as to 
ensure that temperature conditions 
over the representative period are not 
less favorable than those which obtain 
when the motor is operating at its 
continuous rating. 


Where 


li 


units of time motor is stopped during 

duty cycle 

K = cooling factor 

Hi, Ha, Hg = hp for t, tz, t3 units of time 
respectively motor is running during 
duty cycle 

FI = root mean square hp, that is, equiva- 

lent continuous load for time interval 


t, tht ht i 


lo 


the varying load can be resolved into 
an equivalent continuous load from 


| Itin "EET H 


I] 1 K (D 


Cooling effect is reduced when the 
motor is at rest, therefore, if the motor 


Motor puliey--> 
"ed 
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is stopped for part of the cycle, a 
value of K equal to 3 should be used 
for the rest period in determining the 
effective cycle time for open motors; 
or for inclosed motors K equal to 1 
should be used. 

For fast repeating cycles that in- 
clude reversals and deceleration by 
plugging, the additional heating 
caused by reversing and external WR’ 
loads must be taken into considera- 
tion, and a more elaborate duty cycle 
analysis is required. 

In addition to determining the 
horsepower rating with reference to 
heat capacity, a check should also be 
made to assure that the peak torques, 
even though of short duration, im- 
posed by the driven machine do not 
exceed the breakdown torque the mo- 
tor will develop without stalling. The 
breakdown torque value of the motor 
should always exceed the po torque 
imposed by the duty cycle.  Prefer- 
ably, the breakdown torque of the 
motor should be at least 25 percent 
greater to compensate for unusual 
conditions, such as low voltage and 
high friction. 

Using this method it is often 
practicable to overload a motor for 
an appreciable time, provided that the 
loading at other times in the duty 
cycle of the machine is sufficiently low 
to avoid excessive temperature rise. 


EXAMPLE. A grinding machine with 
a 12 in. dia wheel is driven by a De- 
sign B motor through a belt. Full 
load motor speed is 1,750 rpm. Grind- 
ing wheel speed is 1,580 rpm. Work 
cycle is repeated every 60 sec. Work 
cycle consists of: Machine idles for 
30 sec when load is 4 hp, first cut 
requires 5 sec when load is 20 hp, and 
sizing cut requires 25 sec when load 


Grinding wheel _ e 


4 


Grinder pulley 
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is 5 hp. The work cycle is shown 
in the upper part of the accompany- 
ing graph. 

A motor having a rating of 20 hp 
to meet the peak demand will be un- 


derloaded for most of the cycle. From 
thermal considerations, the rating 


should be such that the total heating 
at continuous rating is equal to the 
total heating with intermittent loading. 

The continuous rating for equal 
heating from Eq (1) is 


H 45 2U X 5 t 5x25. 72 
30 i 35 


In the lower part of the graph, the 
ordinates are horsepower squared and 
the average horsepower squared. 
RMS horsepower iS 
upper part of the gr aph. 





The 
shown in the 
From » 


mal considerations, a motor of 7 + hp 
continuous rating for the duty cycle 
shown would be satisfactory. But 


this would mean that a 74 hp motor 
would be required to meet a maximum 
torque needed for a peak of 20 h 

that is, the "e torque would be 266 
percent of rated 


load running torque. 





Max allowable occasional ambient* 
vhen motor is fullv loaded during 
number of hours per day 





8 hr 









30 60 





50 60 
60 70 


40 50 
50 60 
60 70 | 


| 


of Induction Motors 


2hr 


Totally Inch SE d ; 
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A torque of 266 percent of rated 
load running torque is in excess of 
the 215 pe breakdown torque 
produced by this motor, and would 
probably cause excessive mechanical 
stresses and also stall the motor. 

A continuously rated motor of 10 
hp would adequately meet the load 
cycle and the torque demand at 20 
hp. since the breakdown torque rating 
of a Design B, 10 hp motor is 200 
percent of full load torque. 

In this grinder application, the mo- 
tor cannot have an open frame, be- 
cause dust and grit would get into 
the windings. Nor can the motor be 
fan cooled, because dust and grit 
would collect on the fan and quickly 
unbalance it. The optimum solution, 
even though the frame size is larger 
and cost is greater, is to use a fully 
inclosed, non-ventilated motor rather 
than an open frame motor. 

Continuous duty rating of motors 
that drive hand fed machine tools 
should be selected on the basis of 
the thermal capacity necessary to avoid 
overheating during their expected or 
measured maximum work cycle. 


temp C 
the following 


Permissible load in 
percent ot 
| name] 


motor 


late rating 





Open Motors, Rated 40 C 









115 
100 
80 


Splashproof Motors, Rated 50 C 


100 


Rs 


and Totally Inclosed, Fan-C: 


100 


Qg 


70 





oled Motors, 
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320 
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240L 
[D] 
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| 
120 F 
80 +- 
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iaa mM 
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o L | 1 L J 
IO 20 30 40 50 60 
Seconds 
Duty cycle ofggrinding machine as specified 
in the example. Upper graph is plotted in 
units of horsepower. Lower graph ts plotted 
in units of horsepower squared 
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Standard 60-cvcle polyphase induction motors with speeds of 450 to 3600 rpm, hp ratings of 1 to 200, 


Ap )prox motor-temp 
rise C by 
the rmometer 


Rated 55 C 
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Polyphase Squirrel-Cage 


Induction Motors 


Speed-Torque Characteristics 


T orque, horsepower and speed re- 
quirements demanded in drives for 
most machines can be met with one of 
five designs of squirrel cage polyphase 
induction motors. These five designs 
are described in NEMA Standards 
MGS50-119, MG9-523, MG9-535, and 
MG9-538. These standards were 
adopted August 7, 1947 and became 
effective January 1, 1948. Each design 
offers a different combination of 
torque, speed and current characteristics 
to meet the operating requirements of 
various industrial applications. 

All five designs can withstand full 
voltage starting directly across the 
power lines, that is, the motors are 
strong enough mechanically to with- 
stand magnetic stresses and the locked- 
rotor torques developed at the time the 
switch is closed. , 


DrsiGN A produces exceptionally high 
breakdown torques but at the expense 
of high locked rotor currents that nor- 
mally require provision for starting 
with reduced voltage. This motor is 
suitable for machines in which the fric- 
tion and inertia loads are small. 


DrsiGN B has normal starting torque 
adequate for a wide variety of indus- 
tial machine drives and a starting cur- 
rent usually acceptable on power sys- 
tems. This design is suitable where 
slightly more.than full load torque and 
low slip is required, also where rela- 
tively high breakdown torque is needed 
to sustain occasional emergency over- 
loads, or where a low locked-rotor cur- 
rent is needed. These motors are for 
use in driving machine tools, blowers, 
centrifugal pumps, and textile ma- 
chines. 


DEsiGN C has high starting torque and 
a normal breakdown torque. Applica- 
tions for this design are machines in 
which inertia loads are high at start- 
ing, but normally run at rated full 
load and not subjected to high overload 
demands after running speed has been 
reached. Conveyors, plunger pumps, 
compressors that are not unloaded at 
starting and oven chain conveyors; also 


hoists, cranes and machine tools where 
a quick start and reversal are required ; 
are typical examples of such machines. 


DrsiGN D develops extremely high 
starting torque with moderate starting 
current. This design uses a high re- 
sistance type rotor to obtain variation 
of speed with load and has no sharply 
defined breakdown torque. This motor 
eases off in speed when surge loads 
are encountered and also develops high 
torque to recover speed rapidly. Typi- 
cal applications for this motor are ma- 
chines in which heavy loads are sud- 
denly applied and removed at frequent 
intervals, such as hoists, machines with 
large flywheels, conventional punch 
presses, and centrifuges. 


DESIGN F is built to obtain a low 
locked rotor condition. In this motor, 
the starting torque and breakdown tor- 


que are both low, therefore, the field 
of application is small. Typical appli- 
cations for which this motor is well 
suited, but seldom encountered, are 
drives where the torque required to 
start and accelerate light weight ro- 
tating parts is small such as high speed 
cutter heads in woodworking machines. 


SuiP. RATINGS of the five designs arc 


Design Slip, percent 
A less than 5* 
B less than 5* 
C less than 5 
D 5 or more 
F less than 5 


* Motors with 10 and more poles may have 
slip slightly greater than 5 percent. 
LOCKED-ROTOR TORQUE. Specific val- 
ues of locked-rotor torque developed 
by Designs A, B, and C motors are 
given in the accompanying tables. 








| 

| 
Design Jie 
e Fp d 


| 
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Locked-Rotor Torque of Designs A and B Motors 


With Continuous Ratings 


Locked-Rotor Torque of Design 
C Motors with Continuous 


Values are expressed in percent of full-load torque, and represent the upper limit of the Ratings 
range of application. 
Values are based on rated voltage and frequency. Values are expressed in percent of 


| — 





full-load torque, and represent the upper 
limit of the range of application. 





Svnchronous Speeds, rpm : 
oroa a Rd 2 Values are based on rated voltage and 
Hp | | | | | frequency. 
60 cydes | | 3600 | 1800 | 1200 | 900 | 720 | 600 | 514 450 
u 50 cycles | 3000 | 1500 | 1000 | 750 | 600 | soo | 428 | 375 u —— 
| | | | 
PL — 1. 1 1 1 -— a Ne n Frequency} Synchronous Speeds, 
6 | | | 150 | 150 | 115 | 110 | 105 rpm 
1! 74 - | 175 | 150 | 150 | 115 | 110 | 105 Hp |- ~ 
; | > | BS | MU 150 115 110 105 60 cvcles | 1800 | 1200 | 900 
M | 175 | 26 | 175 | 150 | 150 | 115 | 110 | 105 ToS ee a 
2 175 | 250 | 175 | 150 | 145 | 115 | 110 | 105 50 cycles | 1000 | ; 
e J 175 | 250 175 150 135 115 | 110 105 — B 0| 
> 150 185 160 130 130 115 110 105 3 | | 250| 225 
. 7% | 150 | 175 150 | 125 120 | 115 110 105 5 | 250 250 | 225 
10 | 150 | 175 | 150 | 125 | 120 | 115 | 110 | 105 nd wl ml em 
is | 150 | 165 | 140 | 125 | 120 | 5 | 110 | 105 (72 ake 
20 150 | 150 | 135 | 125 | 120 | 115 | 110 | 105 10 250 | 225 | 200 
l 2 150 T 135 125 120 | 115 | 110 105 15 225 | 200| 200 
150 l 135 125 120 115 110 105 , > | ) ? 
40 135 | 150 | 135 | 125 | 120 | 115 | 110 | 105 - ser 
50 125 | 150 | 135 | 125 | 120 | 115 | 110 | 105 25 and m] ue] a 
larger | 
Locked-rotor — of Design D, age and frequency applied, is 125 per- Breakdown torque of Design F motors, 
60 and 50 cycle, 4, 6, and 8 pole mo- — cent of full-load torque, which repre- 30 hp and larger, at all speeds is 135 
à tors, with rated din and frequency sents the upper limit of application. percent of full- load torque. 
applied, is 275 percent of full-load It is usually good practice to apply 
i torque. This value represents the upper BREAKDOWN TORQUES of Designs B motors at momentary loads at least 20 
- limit of application. and C motors are given in the accom- percent below the values given for 
je Locked-rotor torques of Design F,  panying Table. Breakdown torques of ^ maximum — in order to offset that 
i 60 and 50 cycle, 4 and 6 pole motors, Design A motors are in excess of the much torque drop caused by an allow- 





rated 30 hp and larger, with rated volt- 








values given for Design B motors. 


able 10 percent voltage drop. 


Breakdown Torque of Designs B and C, 60 and 50 Cycle Motors With Continuous Ratings 


| Values are expressed in percent of full-load torque, and represent the upper limit of the range of application. 
| Values are based on rated voltage and frequency. 
Synchronous Speed, Design Design | Synchronous Speed, Design Design 
Hp rpm B e Hp rpm | B C 
900-750 250 | | 
| L lower than 750 200 3 | 1200-1000 | 250 225 
m 900-750 225 200 
1200-1000 275 lower than 750 200 
| ZA 900-750 250 
lower than 750 200 3600-3000 225 
1800-1500 | — 300 1990-1500 225 x9 
! 1200-1000 | 275 3 1200-1000 225 200 
900-750 | 250 900-750 225 200 
ona aie 750 | 200 lower than 750 200 
3600-3000 | 300 3600-3000 215 
1800-1500 300 1800-1500 215 190 
1% 1200-1000 275 7% 1200-1000 215 190 
900-750 | 250 900-750 215 190 
| lower than 750 | 2 lower than 750 200 
| 3600-3000 275 3600-3000 200 
| 1800-1500 275 1800-1500 200 190 
| 2 1200-1000 | 250 10 1200-1000 200 190 
| 900-750 225 900-750 200 190 
| lower than 750 200 lower than 750 200 
3 3600-3000 250 15 and all speeds 200 190 i 
| | 1800-1500 l 275 larger | | 
eee seer 
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T wo, three or four different machine 
speeds can be economically obtained 
with multispeed polyphase squirrel- 
cage induction motors. These motors 
may have electrical characteristics cor- 
responding approximately to those of 
any one of the five designs of the in- 
tegral horsepower polyphase squirrel 
cage induction motors. Similar char- 
acteristics are obtained at all speeds. 


Two-speed squirrel cage motors 
have either a single winding or two 
windings in the stator. 

Single-winding two-speed motors 
are usually built in the frame size cor- 
responding to the horsepower and 
speed of the lower speed rating. Com- 
binations of synchronous speeds in 
rpm for two-speed, single-winding 60 
cycle motors are usually limited to 


3.600/1,800, 1,800/900, 
1.200/600, 900/450 





| wo-winding two-speed motors are 
also built for these speed combina- 
Two windings are always re- 
quired if the desired speeds are not 
in a 2 to ] ratio. 


tions 


Three-speed, three-phase, three- 
winding motors are not recommended 
by most manufacturers because too 
much space is needed for winding 
clearances and insulation. Size of 
frames required for three-winding mo- 
tors are larger than for two-winding 
motors. 


Most three-speed motors are built 
with two d The two speeds 
produced by one winding must have 
a ratio of 2 to 1, while the third speed 
need have no relation to the first two. 
Synchronous speeds of three-speed 
two-winding 60 cycle motors are usu- 
ally limited to the same combinations 
available for two-speed, single-wind- 
ing motors plus one other speed of 
any commercial value. 


Four-speed 60 cycle motors are usu- 
ally limited to the following syn- 
chronous rpm speeds 


1,800/1,200/900/600 
1,200 /900 /600 /450 


Multispeed polyphase squirrel cage 
motors are built in three types: 


m" Constant-torque motors 
2. Constant-horsepower motors 
3. Variable-torque motors 


CONSTANT-TORQUE Morors produce 
practically the same starting and maxi- 
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Multispeed 
Machine 


Drives 


Typical Applications For Multispeed Motors 


` a | 
Constant Torque | 


Lathes 


Breadmixers 
Drill heads... 


Machine tools 


Positive pressure blowers 
Elevators " 

Laundry machinery 
Stokers. . 

Compressors 

Conveyors 


Extractors 


mum torques at the several speeds. 
Since horsepower output is propor- 
tional to the product of torque and 
speed, the horsepower output varies 
directly as the speed. For example, a 
two-speed constant-torque 1,800/900 
rpm motor rated 20 hp at 1,800 rpm 
would be rated 10 hp at 900 rpm. 

Constant-torque motors are used 
where the torque required by the drive 
is approximately the same regardless 
of speed, such as in conveyors, stokers, 
reciprocating compressors, and print- 
ing presses. 


CONSTANT-HORSEPOWER MOTORS 
have the same horsepower rating at all 
speeds. These motors, therefore, pro- 
duce starting, maximum and full load 
torques that are inversely proportional 
to the speeds. For example, a 1,800/- 
900 rpm motor rated at 20 hp at 
1,800 rpm would also be rated 20 hp 
at 900 rpm. 

Constant-horsepower motors are 
used to drive machines in which the 
torque required is approximately in- 


Constant Horsepower 


SOME punc h presses 





| Variable Toraue 





| Ventilating fans 
Blowers 
Unit heaters 
Centrifugal pumps 


versely proportional to the speed. For 
instance, lathes are frequently designed 
to take a heavy roughing cut at a low 
speed and a light finishing cut at a 
high speed. In this application, the 
constant-horsepower motor delivers a 
high torque at low speed and a low 
torque at high speed. Other applica- 
tions are drives for boring mills, and 
radial drills. 


VARIABLE-TORQUE Morors produce 
starting and maximum torques that are 
proportional to the speed. The horse- 
power delivered at the several speeds, 
therefore, varies as the square o! the 
speed. For example, a two-speed vart- 
able torque 1,800/900 rpm motor rated 
20 hp at 1,800 rpm would be rated 5 
hp at 900 rpm. 

Variable-torque motors are used to 
drive machines such as centrifugal 
pumps, fans, blowers (not including 
positive pressure blowers), and other 
machines in which the horsepower re 
quired decreases as rapidly as the 
square of the speed. 
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Speed-Torque Characteristics 
of Polyphase Wound-Rotor Motors 


C haracteristics of wound-rotor mo- 
tors are such that the slip depends al- 
most entirely upon the load on the mo- 
tor. The speed returns practically to 
maximum when the load is removed. 
This characteristic limits the use of 
these motors on applications where re- 
duced speeds at light loads are desired. 

Wound-rotor motors are suitable for 
constant-speed applications that re- 
quire frequent starting or reversing 
under load. or where starting duty is 
severe and exceptionally high starting 
torque is required. 

Second major type of application is 
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where speed adjustment is required. 
Controllers are used with these motors 
to obtain adjustable speed over a con- 
siderable range. But at any point of 
adjustment the speed will vary with 
a change in load. It is usually not 
practicable to operate at less than 50 
percent of full speed by introducing 
external resistance in the secondary cir- 
cuit of the motor. 

Horsepower output at 50 pus of 
normal speed is approximately 40 per- 
cent of rated horsepower. 

Use of wound-rotor induction motors 
has been largely in continuous duty 


constant speed applications where par- 
ticularly high starting torques and low 
starting currents are required simulta- 
neously, such as in reciprocating pumps 
and compressors. These motors are also 
used where only alternating current is 
available to drive machines that re- 
quire speed adjustment, such as some 
types of fans and conveyors. | 

Typical torque-speed characteristics 
of wound-rotor motors are shown in 
the accompanying curves for full volt- 
age and for reduced voltages that are 
obtained with different values of scc 
ondary resistance. 
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Table I—Range of Breakdown Torques For Defining Horsepower 


Revolutions Per Minut« 


1500 1200 
1425 1140 


Breakdown Torque, 


5 8-37 
O | 37.8-53 
C | 3 0-69 





Note: Breakdown torque range includes the 


6.0-10 
10.4-16 
16.5-24 


24.1-31.5 
31.5-44 
44 0-58 
58.0-82.: 


Ratings for Fractional 


Horsepower Motors 


Small horsepower single phase induc- 
tion motors are rated primarily on the 
basis of breakdown torque. NEMA 
Standards for fractional horsepower 
motors are based on specific definitions 
of motor rating in terms of horsepower, 
speed, breakdown torque, service fac- 
tor, and starting current. 

A complete range of breakdown 
torque, divided into bands for the dif- 
ferent standard horsepower ratings, is 
included in the Standards. Table I 
gives these ranges of breakdown 
torques for defining horsepower at dif- 
ferent synchronous rpm speeds. Motor 
selection should be based on the break- 


Table II—Service Factor for Gen- 
eral Purpose 40 Deg C Induction 
Motors 


Service Factor 


Aux 


i d d e p p o 
hr DO DO 23 WH WH 


A 


3/4 
l at 3600 rpm only 


— 
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down torque required to meet the maxi- 
mum peak load of the driven machine. 


SERVICE FACTOR. Fractional horse- 
power motors having a 40 deg C rise 
continuous rating, referred to as Gen- 
eral Purpose Motors, have a lower tem- 
perature rise rating than certain mo- 
tors designed for specific duty and load 
conditions that are rated 50 deg C rise 
(open) or 55 deg C rise (totally in- 
closed Fi 

The service factors given in Table 
II define the loading that will give a 
total temperature rise of 50 deg C on 
a general purpose fractional horse- 


Table IlI—Maximum Locked Rotor 
Current For 60 Cycle Single Phase 
Motors 


Locked Rotor Current 
Rated Hp in Amperes 
| 115 Volts | 230 Volts 
= s i 
1/6 and smaller | 10 
1/4 3 11 
: 15 
22 


4 6 30 


AAI 


l 
l 
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> higher figure down to, but not including, 


Synchronous rpm 
Approx F L rpm 


Brake Hp Rating 


20 
12 
\ 


the lower figure. 


power motor having 40 deg C rise at 
the nameplate rating. A 40 deg C 
motor having a service factor of 1.4 
means that the motor can be operated 
at 140 percent of its rated load con- 
tinuously. 


STARTING CURRENT Limits. The 
Standard provides that the locked-ro- 
tor current of 60 cycle, single phase, 
900 to 3600 rpm, motors of any type, 
except those split-phase motors used 
on washing machines and ironing ma- 
chines, shall not exceed the values 
given in Table III. In Table IV is a 
list of the code letters used to desig- 
nate starting current in terms of locked 
kva per horsepower. 


Table IV—Code Letter Designation 
Of Locked KVA per Horsepower 


Code Letter | KVA per Horsepower* 


T he d 


A 3 
B | j.15- 3.5: 
C 3.55- 4 

1 


D 
E 
E 


G 5 6.3 
H | ».3 7 
J | 71-8 


K 50-9 
L | -10 
M | -11.2 


N | 11 12 
P 12.5 -14 
R | 4.0 -16 
9 Locked KVA per horsepower includes the 
lower figure, up to but not including the 
higher figure. 
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Integral Horsepower 


Single-Phase Motors 


Single phase induction motors have 
an auxiliary component circuit within 
the motor that starts the motor and 
brings it and the load up to operating 
speed. A speed sensitive device, volt- 
age sensitive device, or relay discon- 
nects the auxiliary circuit when the 
motor is near operating speed. 

The torque produced at starting is 
the sum of the torque produced by 
the auxiliary component and the basic 
torque of the motor. A curve of the 
combined torques approximates the 
speed-torque curve of the polyphase 
induction motor. But since an extra 
circuit is needed inside the motor to 
get it started, and more material is 
required in a single phase motor than 
in a polyphase motor to obtain com- 
parable characteristics, it is preferable 
to use a polyphase induction motor 
when polyphase power is obtainable. 


CAPACITOR MOTORS have few moving 
parts, therefore, motor maintenance is 
low and mechanical wear is not se- 
vere. These motors are economical 
in sizes up to 5 hp at 3600 rpm. 

Normal - starting - torque capacitor 
motors have sufficient torque to start 
and accelerate loads such as centrifu- 
gal pumps, fans, blowers, and wood- 
working machines. 

High-starting-torque capacitor mo- 
tors are used to drive machines that 
require high-starting-torque such as 
reciprocating compressors, reciprocat- 
ing pumps, and loaded conveyor belts. 
If the high-starting-torque motor is 
used where it is not really needed, 
excess torque may accelerate the driven 
machine too rapidly and thus cause 
unnecessary noise and excessive wear 
in applications such as pumps and 
fans. 


REPULSION-START INDUCTION-RUN 
Morors. When this motor acceler- 
ates to about 2 of full load speed, a 
mechanism lifts the brushes off of ie 
commutator and short circuits the 
commutator bars. The motor then 
runs as an induction motor. 

These motors have higher starting 
torques than capacitor motors, but same 
or lower pull- up torques. Start- 
ing and running characteristics of re- 
pulsion start motors are adequate to 
drive most loads. They are suitable 


for pumps and machine tools. Elec- 
trical and mechanical noise, and extra 
maintenance, because of brushes and 
commutators are disadvantages. When 
the absence of noise, and accessibility 
of the motor are important, a capacitor 
motor is usually preferable. 
Repulsion-start induction-run mo- 
tors are applied up to 10 hp at 1,800 
rpm, but from 5 to 10 hp are the motor 
sizes that are most generally used. 


REPULSION-INDUCTION MOTOR oper. 
ates as a combination repulsion and 
induction motor. At starting the re- 
pulsion winding supplies most of the 
torque, but as the speed increases the 
squirrel-cage induction winding be. 
comes predominant. A mechanism is 
not needed to disconnect the starting 
circuit before operating speed is 
reached as is required in induction- 
run motors. The speed-torque curve 
is smooth without a break at a trans- 
fer speed. This is a distinct advantage 
in applications where a critical point 
in the acceleration of load occurs at 
the transfer speed. 

Ability of the repulsion-induction 
motor to withstand long accelerating 
periods, plus the unbroken speed- 
torque characteristic, make the repul- 
sion-induction motor suitable for 
certain high inertia loads, such as 
those encountered in laundry extrac- 
tors. 

Since the brushes and commutator 
are in the circuit all the time, brush 
noise is continuous. This motor some- 
times produces radio interference. 
which may be reduced by use of a 
filter or a capacitor. 

Two types of motors for special 
applications are the permanent split- 
phase capacitor motor, and the repul- 
sion motor. 


PERMANENT SPLIT-PHASE CAPACITOR 
MOTOR is often used in integral horse- 
power sizes to drive slow-speed direct: 
connected fans. This motor operates 
like a two-phase induction motor with 
low starting torque, has a sı iooth 
unbroken  speed-torque curve No 
brushes, commutator, or centrifugal 
mechanism and switch are required 

The permanent split-phase motor 
has better than average values of max- 
imum torque and is a superior si: igle- 
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phase motor for momentary overloads. 
In spite of the many advantages of 
the permanent split-phase motor, its 
relatively low starting torque of about 
30 percent greatly limits its use. With- 
out a clutch arrangement, this motor 
will reliably start and accelerate only 
a relatively small friction load. 

For direct connected fans, definite 
advantages include extreme quietness 
and two speed or adjustable speed 
operation merely by changing the volt- 
age applied to the motor. 

High maximum torque of this mo- 


OPERATING CHARACTERISTICS (left) of permanent split-phase capacitor motor for two-speed operation. 
brushes (right) on a repulsion motor gives a family of good speed-torque operating characteristics. 


tor makes it potentially useful where 
heavy momentary overloads are fre- 
quent. For example, with floor 
sanders and grinders when the oper- 
ator bears down hard on the work 
only high maximum torque will keep 
the motor from stalling. 


REPULSION Motor. Uses the repul- 
sion principle for both starting and 
running. It has the speed-torque 
characteristics of a series motor, with 
speed increasing as torque decreases. 
Unlike the induction motor, it has no 
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Changing position of 





limiting synchronous speed. There 
fore its no-load speed is high, and 
over parts of the operating curve 
slight changes in torque result in large 
changes in speed. 

By changing the position of the 
brushes on the commutator a family 
of speed-torque curves are obtained, 
one for each setting of the brushes. 
When applied to a constant-torque 
load this characteristic gives wide 
speed control. Machines that require 
constant tension over a range of speeds 
often use the repulsion motor. 


COMPARISON OF FOUR TYPES OF INTEGRAL HP SINGLE-PHASE MOTORS 


Repulsion -stort 
Induction- run 


Capacitor- start 
Induction- run 


Motor 


Typical 
speed- torque 
curve 


Speed, Percent 


“3 100 200 
Torque, Percent 


Standard ratings 
Dripproof and 


totally inclosed) volt, 1800 r pm 


Typical 
applications 
Quiet operating 
No radio interference 
Low maintenance 


Principal 
odvantages 


Disadvantages 
(Depends of quality 
ot design 


Higher starting 
current 
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200 300 400 100 
Torque,Percent 


I 
| to lO hp , 1157230 volt, 
| 1800rpm 
f 
Compressors, pumps, 
fans, mochine tools 


High starting-torque 
Low starting-current 
Low pull-up torque 
Starting noise 
High maintenance 





Repulsion 


Induction D 


200 300 400 100 
Torque, Percent 





5 to lOhp, 230volt, 
1800 rpm 


Lowest starting-current 


High starting torque 
Unbroken acceleration 


Permanent split 


200 300 
Torque, Percent 


| t0 3 hp ,115/230 volt, 
1800 rpm 


Compressors, pumps, 
fans,machine tools 


| Fans, saws 

t 

| Minimum mechonical parts 
Low maintenonce 

High maximum torque 


Radio interterence 
| High maintenance 


Low starting torque 
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Characteristics 
of Universal Motors 


S peeds of universal motors are 14 
to 10 times higher than those of 
induction motors. Without governor 
control, no-load speed may be as high 
as 20,000 rpm. Because power is 
proportional to the product of torque 
and speed, a universal motor occupies 
less space and weighs less than an 
induction. motor of equivalent horse- 
power. 

Universal motors will run on direct 
current and on alternating current of 
any frequency up to 60 cycles per sec. 
They can be wound for voltages from 
32 to 250. 

Characteristics of operation on al. 
ternating current are different than 
those obtained with direct current. 
For any given load, the motor runs 
slower on 60 cycles than it does on 
25 cycles or direct current. 

Speed varies with the load and 
voltage. Current, wattage and torque 
approximately vary inversely as the 
speed. Being a series motor, the 
speed theoretically will rise to in- 
finity at no load, but windage and 
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friction usually limit the speed to a 
safe value. 

Efhciencies of this type motor are 
low when compared to those of larger 
motors of other types, averaging ap- 
proximately 50 percent at full load. 

Maximum efficiencies occur at 
speeds of 6,500 to 8,500 rpm. Start- 
ing torque averages 3 to 4 times the 
torque developed at maximum eff- 
ciency. 

Constant speed can be approx- 
imately obtained from universal mo- 
tors having built-in centrifugally op- 
erated governors. (Governors are 
built for a single speed of operation 
or for an adjustable range of speeds. 
With some adjustable types, the speed 
can be changed with the motor either 
stopped or running. 

For low-speed and constant-speed 
drives, wae reducers and governor 
controls can be obtained with uni- 
versal motors. Worm gear or spur 
gear speed reducers give output shaft 
speeds ranging from 5 to 4,000 rpm. 
Such motors provide a compact, 





Full load torque 















14 16 





6 8 10 


Torque Oz—Ft 


12 


grease-tight unit for coupling to a 
drive shaft. Speed reducer motors 
are not generally recommended for 
continuous duty at their rated output. 

A standard universal motor geared 
to a 5 to 1 ratio has about the same 
full-load speed as a 6-pole induction 
motor, with a 43-to 1 ratio the speed 
corresponds roughly to that of a 4 
pole induction motor, and with a 2j 
to 1 ratio to a 2-pole induction motor. 

Necessity for servicing brushes and 
commutator tends to limit the applica- 
tion of this motor to intermittent 
duty. Where operating conditions 
are favorable and loads light, con- 
tinuous duty applications have been 
successful. Induction motors have 4 
safety factor with regard to horse 
power-temperature requirements that 
universal motors do not have. 

Field of application of universal 
motors is limited primarily by their 
maximum power rating, which 1s 
about 3 to 1 horsepower. 

The characteristic of speeding up 
on light loads and decreasing speed 
as load increases, makes the universal 
motor desirable for applications such 
as portable drills, saws, routers, 
vacuum cleaners, sewing machines, 
business machines and food mixers 

Universal motors are widely used 
on home motion picture projectors 
Some projectors have two speed gov 
ernors; one speed for sound pictures 
and the other for silent pictures. A 
simple switch selects the proper gov 
ernor to obtain the desired speed. 
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Characteristics and Types 


of Direct-Current Motors 


Important advantages of direct cur- 
rent motors for machine drives are: 
Adjustable speed over a wide range, 
speeds are not limited to synchronous 
speeds, and variation of speed-torque 
characteristics. 


SHUNT-WOUND Motors operate at 
approximately constant speed regard- 
less of variations in load when con- 
nected to a constant supply voltage 
and with fixed field excitation. Max- 
imum decrease in speed as load varies 
from no-load to full-load is about 
10 to 12 percent. 

Constant speed motors are usually 
suited for a speed range of less 3 to 1 
by field control, but mechanical and 
electrical characteristics govern maxi- 
mum safe speeds. With constant 
voltage on the armature, as the field 
is weakened the speed increases and 
the motor develops constant horse- 
power. 

For speed ranges of 3 to 1 or greater 
adjustable voltage operation is rec- 
ommended. The adjustable voltage 
drive usually includes a motor-gen- 
erator set to supply an adjustable 
voltage supply to the armature of the 
drive motor. With this method of 
Operation a speed range of 10 to 1 
is readily obtained. 

Regenerative braking can also be 
obtained with the variable voltage 
drive. This system permits decelera- 
tion of the driven load by causing 
the motor to operate as a generator 
to drive the motor-generator set, 
thereby returning power to the alter- 
nating current power supply. 

With an adjustable voltage supply 
to the armature, at speeds below basic 
the motor is suitable for a constant- 
torque drive. Minimum speeds are 
limited by temperature rise, because 
the motor carries full load current 
at the lower speeds and at low speeds 
the ventilation is reduced. 

Adjustable voltage drives are used 
for paper mills, rubber mill machinery, 
winders, machine tool drives and 
hoists. 

Adjustable-speed shunt wound mo- 
tors with field control are designed 
tor operation over speed ranges of 3 to 
| or greater. Standard adjustable speed 
motors are rated in three ways: 
Tap: red horsepower, continuous, 40 
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deg C rise; Constant horsepower, con- 
tinuous, 40 deg C rise; and Constant 
horsepower, 1 hr, 50 deg C rise, of 
the next larger horsepower rating 
than for continuous duty. 

One hour 50 deg C open motors 
develop constant horsepower over the 
entire speed range.  Semi-inclosing 
covers can be added without chang- 
ing the rating. 

The 40 deg C continuous rated open 
motors develop the rated horsepower 
from 150 percent of minimum speed 
to the maximum speed. From mini- 
mum speed to 150 percent of mini- 
mum speed, the rated horsepower will 
be developed continuously without ex- 
ceeding safe temperature limits. 

Tapered horsepower motors develop 
the maximum rated horsepower at 3 
times the minimum speed. The 
horsepower decreasing in direct pro- 
portion to the decrease in speed down 
to the horsepower rating at 150 per- 
cent of the minimum speed. 


SERIES WouNp Moromns are inher- 
ently varying speed motors with 
changes in load. On light or no 
loads, the speed may become dan- 
gerously high. These motors should 
be employed only where the load is 
never entirely removed from the mo- 
tor. They should never be connected 
to the driven machine by belt. 


Series ------- 


Series motors are used on loads 
that require very high starting torques 
or severe accelerating duty, or where 
the high-speed characteristic may be 
advantageous, such as in hoists. 


COMPOUND-WOUND Motors are 
used to drive machines that require 
high starting torque or in which the 
loads have a pulsating torque. Changes 
in load usually produce wide speed 
regulation. This motor is not suited 
for adjustable speed by field control. 

The relative strength of the shunt 
and series fields of the motor deter- 
mines to what extent the motor ap- 
proaches the shunt or series charac- 
teristics. 

From no-load to full-load, the drop 
in speed of compound wound motors 
is approximately 25 percent. 

Compound-wound motors are used 
where reasonably constant speed is re- 
quired; and for loads where high 
starting torque is needed to accelerate 
the driven machine. 

Compound-wound motors should 
be used on machines having flywheel 
or high inertia loads, wherein the 
drooping speed characteristics of the 
motor causes the flywheel to give up 
its energy as the shock load comes on; 
thereby cutting down the power peaks 
taken from the line, and resulting in 
less heating of the motor. 
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Built-In 


Shell Type Motors 


Close center dimensions in multiple 
shaft or spindle machines, can be ob- 
tained by using built-in polyphase 
squirrel cage induction motors, which 
consist of a shaftless rotor and a shell 
that contains stator punchings and 
windings. 

Compactness can be achieved by 
keeping over-all diameter of motor 
small and using longer parts than those 
built into standard motors. 

Operation at speeds greater than 
3600 rpm is possible with rotors of 
small diameter. 

Multispeeds can be obtained by using 
a multifrequency power supply. 

Designer of the driven machine must 
make arrangements for bearings, lubri- 
cation, ventilation, and balancing at 
critical speeds. 

Alignment of rotor shaft and stator 
with machine into which shell type 
motor is built is usually provided by 
joints of rabbetted construction. 

Applications for shell-type, 
speed motors are: 

Boring machines, 


high- 
multiple-spindle 
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drilling machines, grinders, 
wood-working machinery, rayon 
thread spinning machines. 


saws, 
and 


Partial Motors 


Simple and compact drive arrange- 
ments are often possible by using parts 
of motors to make an integral drive and 
machine assembly. 

Driving unit, consisting of a motor 
minus end shield and bearing, can be 
bolted directly to the end or side of 
driven machine, and machine shaft 
coupled to motor shaft. 

Short over-all length of driving unit 
and machine are possible by using 
motor parts as components of the 
driven machine. 

Compactness in design can be 
achieved by using motors minus end 
shields, bearings and shafts, with rotor 
mounted directly on shaft or spindle of 
driven machine. 

Means for proper ventilation, mount- 
ing, alignment and support of bearings 
when using partial motors, must be 
provided in the design of the machine. 


Pnopuci 


APPLICATIONS: Machine tool head 
small hoists, gear reducers, 
grinders, compressors. 
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Built-In Motor Parts 


Case History. A cam milling and 
grinding machine was originally 
powered by four motors, including a 
2 hp. motor on the cutter spindle, à 1 
hp on the work head, a 3 hp for the 
rapid traverse of the work head and a 
i hp for the chip blower. The orig- 
inal machine had the main drive mo- 
tor mounted on a bracket on the back 
of a column with a flat belt running to 
a jack shaft supported in a pivoted 
bracket. A chain drive transmitted 
this power from the jack shaft to the 
cutter head. This method of driving the 
cutter head was used for many years 
on this machine, but has certain dis- 
advantages including high maintenance 
and first cost as well as an unsatisfac- 
tory appearance. 

The manufacturer of this machine 
decided to redesign the main drive, 
which consists of the cutter head, to ac- 
commodate a rolled shell type, shaft- 
less, built-in motor which would drive 
the cutter head spindle direct through 
a high speed gear shaft. This redesign 
did away with the mounting for the 
standard motor on the back of the 
column, all of the pulleys, belts, jack 
shaft and the chain drive. Power was 
transmitted to the built-in motor on 
the cutter head through a flexible « 
This new arrangement with the b ult- 
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in motor gave greater flexibility in 
design of the machine, reduced the 
maintenance and most important of 
all, resulted in a considerable saving 
in cost of the machine. 


Case History. A high speed turret 
lathe was originally driven by a stand- 
ard motor in the base of the machine. 


Motor was belted to a step pulley 
spindle. 

Machine was completely redesigned 
around a rolled shell type, shaftless, 
4-speed motor. Rotor was mounted di- 
rectly on the main spindle. 

Drum controller for speed setting 
and a lever operated start-stop and re- 
verse were built into the machine head. 


Motor was designed for frequent re- 
versing duty and gives instant response 
in operation to a degree that was im- 
possible in the original belted spindle. 

A high degree of balance was ob 
tained in this machine by using only 
one rotating unit. 


Flange-Type Motors 


No base plate needed for support of 
driving unit when footless round frame 
motors with flange-type end shields 
are bolted directly to the driven ma- 
chine. 

By mounting a flange-type motor 
with a suitable speed directly on the 
driven machine, it is often possible to 
save not only the cost of a bedplate 
extension for the motor but the cost 
of an intermediate transmission drive 
as well. 

No support needed for many types 
of small or self contained machines 
that can be bolted to or overhung on 
flange-type end shield motors that 
have feet. 

Accurate alignment of motor and 


METHODS OF VENTILATING SHELL-TYPE MOTORS 
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Section BBB 


Open, double-end ventilated. 


Section BBB 


Open, single-end ventilated, with one shaft- 
mounted auxiliary fan. 
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Section AA 


Section AA 


Section BBB 


Open, double-end ventilated, with two shaft- 
mounted auxiliary fans. 


Section BB 


Section AA 


Section AA 


Totally inclosed, fan cooled, single-end ventilated, 


with one shaft-mounted external fan. 





driven machine is assured by rabbett 
in mounting surface of end shield. 

Tight-fitting coverplate for machine 
is provided by solid face of end shield. 

Mator shaft extension can be made 
to suit specifications. 

Compact direct drives are possible, 
without the necessity of the designer 
providing arrangements for ventila- 
tion, lubrication, bearing supports and 
alignment of connected parts. 

No cooling air comes from the 
driven machine. Ventilating air inlet 
to motor is on the motor side of end 
shield face. 

Different installation requirements 
can be met with little or no change in 
the design of the machine, since mo- 
tors of different power and service 
ratings or types of inclosures can be 
furnished with the same end shield 
mounting dimensions. 

With special shaft extensions, two 








separate rotating parts may be sup- 
ported and driven by a foot mounted, 
flange-type end shield motor. An oil 
burner assembly with fan and pump 
mounted on the motor shaft is an ex- 
ample of such an application. 

Smaller high speed rotating parts, 
with consequent reduction in weight, 
can usually be obtained with built-in 
motor parts. 

Cost of the complete machine can 





often be reduced, space conserved, 
and appearance improved by building 
standard motor parts into the machine. 
These parts make possible a wide 
variety of integral motor mountings 
Parts are available that will meet the 
requirements of many conditions of 
service, such as totally inclosed fan 
cooled, totally inclosed non-ventilated 
drip proof, semi-inclosed, splash proof, 
and pipe-forced ventilated. 
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From "The Electroforming Process" by 
William Orbaugh, The Rose Technic, 
Volume LVIII, No. 3, October, 1947. 
ELECTROFORMED PARTS are made by 
electrodeposition of metals over the 
surface of a mold or matrix to a thick- 
ness of 0.010 in. or more. The chief 
advantages to be gained from electro- 
forming are: (1) High dimensional 
accuracy, (2) fine internal surface fin- 
ishes. In addition, the physical char- 
acteristics of electrodeposited metals 
are excellent. 

Electroforming was originated over 
a hundred years ago by Jacobi for 
making electro-type printing plates. 
Later the process was used to make 
seamless copper tubing and copper 
sheet. More recently it has been used 
to produce floats, phonograph record 
masters, gaskets, fine mesh screens, 
searchlight reflectors, and leather em- 
bossing dies. Wartime developments 
accelerated electroforming techniques. 
Radar guides, almost impossible to 
produce by any other method, were 
electroformed. These guides required 
complicated shapes, interior surface 
finish from 2 to 5 rms and overall 
dimensions accurate to within +0.001 
inch. Other applications were for 
forming three dimensional cams, com- 
puting-pin cams, and venturi tubes. At 
the present time it is also being used 
to plate metal molds for plastics. 




































































STRENGTH OF ELECTRODEPOSITED 


METALS 











_ The strength of electroformed parts 
is high. Metals usually used for elec- 
troforming are copper, nickel and 
copper. These materials, used singly 
or in combination, offer a wide range 
of properties to meet the designers’ 
requirements for corrosion resistance, 
strength and wear. Internal stresses 
for electroformed parts are lower than 
those present in many welded, forged, 
or cast sections. In addition physical 
E ies equal, and sometimes ex- 
(eed, those for the same metals in the 
cast, rolled or forged condition. 
Electroformed copper has_ tensile 


strengths from 20,000 to 50,000 psi 
howe 
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er, the Brinell from 40 to 150, 
tends to limit the number of applica- 
tions for this material. 

Electroformed iron in the as-plated 
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Electroforming Parts with High 


condition has a tensile strength of 
50,000 psi, Brinell of 230, and an 
elongation of 15 percent. In the fully 
annealed condition, the tensile strength 
is 50,000 psi, Brinell drops to 125 and 
elongation rises to 30 percent. Iron 
parts may be carburized and heat 
treated to produce any desired hard- 
ness from 16 to 62 Rockwell C. 

Nickel may be deposited with ten- 
sile strengths ranging from 50,000 to 
150,000 psi depending on the type of 
bath and plating conditions. The table 
below lists physical properties of nickel 
deposited by various baths. 

By varying bath temperature and 
density, intermediate physical proper- 
ties can be obtained. 

Fig. 1 shows some of the physical 
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Strength 


properties of a nickel produced in an 
all-chloride bath and annealed from 
various temperatures. 

Electroformed parts may be lamin- 
ated by depositing two different metals 
to obtain certain desirable character- 
istics. It is interestirtg to note also that 
all of the common metals used in elec- 
troforming may be readily machined. 


ECONOMICS OF ELECTROFORMING 


It is difficult to compare the eco- 
nomic advantages over other methods 
of fabrication unless the cost of pro- 
ducing individual products are com- 
pared. Some items, previously dis- 
cussed, cannot bė economically or 
satisfactorily produced if made by 
other processes. Equipment cost for 





Table I—Physical Characteristics of Electrodeposited Nickel 


Plating process 


Soft bath 


| 
Double-salt 
hard bath 


Medium hard 
nickel bath 
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Ultimate tensile strength, psi 50,000 
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Fig. 1—Effect of annealing temperature on deposit from all-chloride nickel bath of pH = 
2.0 at 55 asf. Temperatures over 800 deg F have great effect on physical properties. 
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Fig. 2 


sions. 


electroforming is considerably lower 
than that for machine tools used 
to produce the same dollar volume of 
work. 


DESIGN OF ELECTROFORMED PARTS 


Electroformed parts should be de- 
signed so that the mold or matrix, 
upon which the deposit is built up can 
be readily removed. Slight tapers will 
allow easy removal of the mold. 


Creep Rate of Various 


Foreign abstract condensed from “Creep 
Rate of Various Industrial Leads”, by 
J. Neill Greenwood and J. H. Cole, 
Metallurgia, September, 1947. 


INVESTIGATIONS show that traces of 
some elements are effective in changing 
the creep rate of lead, some increasing 
and others decreasing the rate. Indus- 
trial leads from various sources and 
refined by different processes were ex- 
amined to see whether the composition 
differences gave results in agreement 
with those obtained from synthetic 
laboratory products. 

The influence of a given element 
was found to be not necessarily pro- 
gressive. In some cases (copper and 
bismuth) the first additions caused an 
increase in rate, while further addi- 
tions reversed this tendency. The op- 
posite effect was also found (silver), 
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(E) 


Rounded corners are preferable to 
sharp curves and sharp, deep recesses 
should be avoided. Because the sur- 
face of the  electroformed — part 
duplicates the surface of the mold, any 
surface texture may be obtained de- 
pending on that put on the mold 
surface. 

Additional applications for the elec- 
troforming process are resizing of 
worn or mis-machined parts and heavy 


Industrial Leads 


namely, that the improvement with 
small additions was lost with further 
increase in concentration. 

A summary of the rate of creep of 
different lead alloys at 20 C, stress 
350 Ib per sq in., condition annealed 
at 100 C for 15 min, shows that the 
elements normally present in lead as 
impurities, namely, silver, antimony 
and bismuth do not greatly influence 
the creep rate when present up to 0.10 
percent. Zinc, 0.05 percent, appears 
to reduce the creep rate of lead to 
about one-fourth; copper over 0.05 
percent to about one twenty-fifth; and 
calcium, 0.05 percent, to one three- 
hundredth of the rate for "U" lead. 
The influence of calcium, therefore, 
is quite outstanding. 

The material for test was prepared 
in the laboratory by rolling 6x1x1 in. 


> 


Various parts made by electroforming. (A) Rotating-Joint radar wave-guide assembly made in three sections. (B) Nickel plat. 
ing wood propeller blade makes it stronger and more weather resistant. 
(d) Electroformed male mold for precision casting football mold. 


(C) Jet propulsion motor body requiring precise dimen- 
(a) Aluminum core (top) and formed venturi meter. 


metal coatings on  non-conductors. 
This process is especially suitable in 
building up shafts because the build. 
up can be made very hard without af- 
fecting the softer shaft material. Non- 
conductors that have been plated in- 
clude plastic impregnated antenna 
masts and wood aircraft propellers. 
The metal plating has greatly im- 
proved the strength and weathering 
properties of these parts. 


Percent, Extension 


Duration, Years 


FIG. 1—Creep curves for different leads. 
ingots to strip $ in. thick at a tempera: 
ture of 20 to 24 C. Each pass reduced 
the thickness by 0.028 inch. ; 

The strips were tested in two condi- 
tions: (1) As rolled, and (2) an 
nealed 15 min at 100 C in an air oven. 
Annealing was done before the strips 
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TABLE I—Analyses of Leads Tested 





Element 
1 2 3 
BO So oun eee 0.01 0.02 0.02 
Bi 0.07 0.23 0.14 
Cd. 0.01 0.01 0.01 
Sn. | nil nil nil 
Sb 0.05 0.42 0.00 
As | nil nil 0.07 
Fe 0.06 0.07 0.02 
Zn 0.02 0.05 0.02 
E... | 0.01 0.04 0.03 
Ni.. | — —. 0.00 
Ag.. 0.00 0.03 0.03 
NL i ns | — —— 0.05 
294... | 0.87 0.39 


| 


ADDITIONS, HUNDREDTHS OF A PERCENT 


4 5 6 7 8 
0.05 0.02 0.02 1.40 0.06 
0.11 0.72 4.93 0.00 1.25 
0.01 0.01 0.01 nil 0.02 
nil nil nil nil nil 
0.21 0.34 0.29 0.95 0.03 
0.02 0.10 0.00 0.00 0.00 
0.07 0.05 0.04 0.03 0.06 
0.04 0.03 0.04 0.07 0.04 
0.04 0.07 — 0.56 0.04 
0.00 nil 0.00 0.14 0.01 
0.06 0.04 0.02 0.40 0.28 
0.61 1.38 5.35 3.55 1.79 





were cut to shape. Two stresses were 
imposed, 500 and 350 lb per sq in. 
respectively at 20 C temperature. 
Typical creep curves are given in 
Fig. 1 for the leads listed in Table I. 
Curves A and B are characteristic of 
the leads designated 1 to 6, and curves 
C and D are for the leads designated 
as 7 and 8 respectively. Curves A and 
B show that there is a distinct increase 


in the rate of creep during the re- 
crystallization period. — Recrystalliza- 
tion under stress was noted with all 
the leads except numbers 7 and 8. 
The curves for numbers 7 and 8, as 
given in Fig. 1, reveal an important 
difference in behavior. For the first 
year and a half under stress, the two 
curves run almost parallel and the 
values of total increase in length are 


T S * * * 


almost identical From this stage on 
the two curves diverge, the creep rate 
of number 8 increases continuously 
and that of number 7 decreases con- 
tinuously. These features are charac- 
teristic of the influence of silver and 
copper respectively. 

The authors conclude that: 

1. The total impurity content of 
industrial lead is no guide to its be- 
havior under prolonged stress. 

2. The nature of the impurity and 
its specific influence must be known. 
Even then the influence of one im- 
purity may be affected by the presence 
of others. 

3. It is suggested that for the pur- 
poses of a first classification of indus- 
trial lead alloys a test of 100 days’ 
duration under a stress of 500 Ib per 
sq in. may be used, the time to extend 
2 percent being the criterion. 

4. To supplement the latter, the 
test piece at the end of 100 days should 
be examined for embrittlement by 
bending and by micro examination. 
The latter will reveal any incipient 
intercrystalline weakening. 


Properties of Some New Insulating and Magnetic Materials 


From symposium of conference papers on 
materials presented at 1948 Winter Meet- 
ing AIEE, Pittsburgh, Pa. 


POLYMERS For INSULATION, by J. R. 
Perkins, E. I. du Pont de Nemours. 


TEFLON (polytetrafluoroethylene) is 
composed entirely of fluorine and car- 
bon. Major uses are as replacement 
for mica filled tape and as primary 
insulation for wire and cable. Teflon 
characteristics include: (1) Can op- 
erate continuously at 200-250 C with- 
out deterioration; (2) not attacked by 
chemicals or solvents; (3) extremely 
low electrical losses at all frequencies, 
including micro waves; (4) negligible 
water absorption; (5) and does not 
‘orm carbonized path in presence of 
continuous arcing. Fabrication is 
limited to compression molding and 
extrusion of simple shapes. Tape is 
made by shaving a molded cylinder. 


POLYETHYLENE has similar physical 
and electrical properties to those of 
Teflon at approximately room tempera- 
tires. Depending upon load, its use is 
limited to 85-100 C. Uses include 
spaghetti tubing, electrical tape, wire 
insulation, potting compounds, and 
the material looks promising as dielec- 
tric for capacitors. Polyethylene is: (1) 
Lightest commercial plastic; (2) rela- 


tively inexpensive; (3) easily molded 
by injection or compression methods, 
and extruded. 


NYLON is used: (1) For mechanical 
parts such as gears, racks, knobs, bush- 
ings and bearings for light loads; 
and (2) for electrical insulation as 
tapes, tubing, wire covering and cable 
sheathing. Nylon is extremely tough 
and abrasion resistant, has a very high 
melting point, and excellent chemical 
resistance. As a molding powder, it 
can be injection molded or extruded 
as sheets, rods, or tubes. 


BCM, developed as a low pressure 
laminating resin, is particularly suited 
for two stage laminating work. BCM 
is promising as thermosetting mold- 
ing composition using more than 50 
percent of filler with short molding 
cycles. Injection molding with a cold 
cylinder and a hot mold on 15 sec 
cycle cure seems practicable. Com- 
pression is likewise more rapid. Use 
of asbestos filler should simulate de- 
sirable properties of cold molded 
compounds plus better dimensional 
tolerances. 


POLYESTER REsINS, by C. F. Hill and 
N. C. Foster, Westinghouse Research 
Laboratories. Solvent reactive-types 
of insulating varnishes differ from 
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conventional varnishes in that the 
solvent reacts with the base resin and 
becomes a part of the final solid. Thus, 
because of essentially complete filling, 
thermal transfer, heat resistance, 
dielectric strength, and heat stability 
often are improved. The resins are 
used for surface coating or casting, 
or for impregnating. In hardness, 
they range from glass-like to soft. 
Electrically, the best are about equal 
to the usual high grade synthetic sol- 
vent-type resins. But because these 
varnishes have relatively short tank 
life, special techniques sometimes are 
necessary for best results. 


PERMAFIL by J. A. Loritsch, General 
Electric Co. Permafil is an impreg- 
nating and insulating material with: 
(1) Completely reactive ingredients 
and no inert solvent; (2) through- 
curing with no volatile by-products; 
and (3) through-curing without need 
of oxygen. Permafil makes possible 
coil structures that are corona free, have 
relatively constant power factor over 
wide range of temperature and volt- 
age, resist moisture, and on d-c dis- 
sipate more than normal wattage. 


TITANATE DIELECTRICS by G. R. Shel- 
ton, National Bureau of Standards. 
Some ceramic bodies, particularly the 
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titanates, are conspicuous because they 
high values of the dielectric 

Such bodies are being pro- 
duced commercially as dielectrics for 
instruments used in radio, radar, tele- 
and hearing aids. Current in- 
vestigations on ceramic dielectrics 
include the determination of properties 
alkaline earth ox- 
of these 


niihi 
constant 


vision, 


of titanates of the 
ides In the preparation 
mixtures in the proper 
titanium dioxide and 
carbonates of the alkaline earth ele- 
ments were calcined and pulverized. 
The resulting materials were dry- 
pressed, at 20,000 pounds per square 
inch, in the form of disks § in. in 
thickness and 4 to 14 in. in diame- 
ter. The disks were heated to 
as indicated by 0.1 percent 

Results were obtained 
treatments, absorption, 
shrinkage, thermal expansion, dielec- 
tric constant K at 60 degrees to 
85 C. 25 C for fre- 
20,000 kilocycles 
measurements of 
3,000 mega- 


dic lectrk s. 
proportions ot 


maturity 
of absorption 


for heat 


also O-values at 
quencies of 50 to 
per second. Some 
K and O were made 
cycles per second. 
For dielectrics with compositions in 
the seven systems of oxides, the ranges 
in values of K and QO, measured at 
25 C and 1 megacycle per second, are: 


System K Q 
MeO-TiO 12-97 69-10,000 
CaQ0-TiO 60-144 350-10,000 
SrO- TiO 97-260 2.600-8,000 
BaO-TiO 34-1,500 50-5,000 
BaO-MgO-TiO 12-1,550 9.10,000 
BaO-CaO-TiO 35-2.700 30-10,000 
BaO-srO- TiO 34-18,000 50-10,000 


Oxipes by F. G. Brock- 
Philips Laboratories, Inc. A 
new development in soft ferromag- 
netic materials, called "Ferroxcubes" 
have high electrical resistivity as com- 
pared with the usual magnetic metals 
and alloys. Thus eddy current losses 
are extremely small since these solid 
solutions of ferrites have 107 to 10? 
times the resistivity of iron. 
Although numerous varieties are in 
the developmental stage, one in 
limited production is Ferroxcube III. 
‘Typical characteristics are: 
Initial permeability, py, 
1.500 
Losses. At 
Q.12 10° 
Hysteresis coefhcient, 
to 5 x 10^ 
The hysteresis 
used by Legg. 
In these data the quantity tan 8/p 
is the phase angle between B and H 
divided by perme ability. It is related 
to the quantity R/ufL used by Legg 
("Magnetic Measurements at Low 
Flux Densities Using the A-C 
Bridge,” Bell System Technical Jour- 


MAGNETK 
man, 


1,000 to 


60 kc, tan 8/p, 0.08 to 
at 2 kc. d, 2 


coefficient a is that 
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nal, 1936), by the relationship: 
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tan 6 i a 


H 2r ufL 


SPECIAL MAGNETIC ALLoys by G. W. 
Elmen and E. A. Gaugler, Naval Ord- 
nance Laboratory. Magnetic cores 
made of materials with substantially 
rectangular hystersis loops increase 
the power output of such apparatus 
as mechanical rectifiers and magnetic 
amplifiers. The material is especially 
promising in the design of saturable 
devices operating at high flux density. 


WELDING GLASS ELECTRICALLY by E. 
M. Guyer, Corning Glass Works. De- 
pending upon temperature, glass can 
be heated electrically in three ways: 
(1) At low temperature where glass 
is an insulator, high frequency dielec- 
tric heating is effective; (2) at mod- 
erate temperatures where glass behaves 
as electrolyte, electrical conduction is 
efficient. and inexpensive ; and (3) at 
high temperatures, conducting glasses 
with low viscosity can be heated by 
high frequency induction heating. 

A newly developed high frequency 
torch using electrically conducting 
needle flames makes possible fabrica- 
tion of glass parts that previously 
were not practicable. For example, 
designs produced include miniature 
opticle cells, 20 in. television tubes, 
glass doughnuts for multimillion volt 
electron accelerators, and many miles 
of field fabricated Pyrex pipe line. 
The pin point fires prehe at localized 
areas until the glass becomes an elec- 
trical conductor, then high frequency 
current is passed through the flames 
into the and the Operation is 
completed by electric melting. 

Compared to conventional flame 
sealing, advantages of electrically 
welding glass include: (1) Deep 
penetration into thick sections of high 
melting-temperature glass; (2) rapid 
attainment of high temperature with- 
out destructive boiling of surface; 
(3) precisely placed localized heat- 
ing without distorting adjacent glass; 
(4) better temperature control and 
more uniform results; and (5) faster 
heating. 


glass, 


Chill-Cast Tin Bronze 


From "Tin and Its Uses, No. 18," Tin 
Research Institute, England. Copies can 
be obtained from the Battelle Memorial 
Institute, Columbia, Ohio. 


MODIFICATIONS in the methods of 
manufacturing chill-cast tin bronze 
arising from recent researches, have 
led to appreciable economies in pro- 
duction costs as well as to considerable 
improvements in the qualities and 


Propuci 


mechanical properties of the product. 

Bronze containing 8 to 14 percent 
tin can now be fabricated by hot-work- 
ing methods, such as forging, stamp- 
ing or extrusion, or may be cold 
worked by rolling or drawing. 

Solid drawn tubes can be produced 
under ordinary industrial conditions. 
These tubes can be used in condensers 
and in all types of heat exchange 
apparatus. 

The corrosion resistance of bronze 
is already well established. A series 
of natural color photographs shows 
its resistance to sea-water impinge- 
ment, sedimentation and corrosion 
tests representative of very severe 
operating conditions. 

Extensive trials in laboratories and 
on an industrial scale under the most 
rigorous conditions have proved that 
the new bronze tubes provide engi- 
neers with a material that will give 
excellent service under exacting cir- 
cumstances. 


Magnesium Alloy Progress 
Alloys”, by 


Metallurgia, January 
219, page 133. 


From "Magnesium and its 
R. G. Wilkinson, 
1948, Vol. 37, No. 
MAGNESIUM ALLOY APPLICATION DE- 
VELOPMENT, and restoration of ap- 
plications used prior to World War II, 
have caused steady increase in mag- 
nesium use. The main factor in this 
expansion (British) has been estab- 
lishment of ingot production and 
foundry techniques capable of mak- 
ing casting alloys at lower prices and 
in greater quantity. 

Germans developed use of forgings 
to an advanced stage prior to and dur- 
ing the war. Forgings of zirconium 
alloys have indicated possible uses at 
the elevated temperatures of jet 
engines. Aluminum-containing alloys 
may be replaced by zirconium alloys 
in many forging applications where 
resistance to high temperature is neces- 
sary. 

Welding of magnesium alloys has 
shown no spectacular advance over 
the past year, but steady development 
of techniques continues. The new 
noncorrosive fluoride base flux is being 
used increasingly in gas welding proc- 
esses. This flux has a high melting 
point and cannot be used with alloys 
that contain aluminum or zinc. Weld 
residue need be removed only for ap- 
pearance because it does not attack 
magnesium. (Complex welded joints 
can be made with this flux because 
thorough cleaning is unnecessary 

Magnesium alloys are used in many 
forms in the aircraft, aircraft engine 
and commercial vehicle industries. Re- 
cently these alloys have extended 
the textile and printing fields. 


1948 


ENGINEERING — MARCH, 





ASSEMBLING one of the largest spherical roller bearings ever made in the United States, to be installed in a Wisconsin paper mill. 


Bearing Selection 


Consideration of anti-friction bearing life and its relationship 


BRYCE T. RULEY 


Senior Engineer, SKF Industries, 


ACCURATE CALCULATIONS of the re- 
quired size of an anti-friction bearing 
depends upon careful definition of sev- 
eral concepts. 

If a number of identical bearings 
are tested to fatigue failure under 
identical loads, a considerable disper- 
sion in individual lives is found, as 
Fig. 1 illustrates. The “life,” Ly, for 
a group of bearings is defined as the 
number of revolutions that 90 percent 
of the group can be expected to equal 
or exceed before failure under the 
given identical loads. This life is often 
called the "design life" or the "10 
percent failure life." It is taken as a 
Dasis for choosing bearings to insure 
high reliability in bearing use. The 
average life, Lm, of the group of bear- 
ings is about 5 times the design life. 
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From a number of tests it has been 
found that the design life of a group 
of bearings varies inversely as the cube 
of the load. If one group of bearings 
is tested under a load F, and gives a 
life L, while a second group of similar 
bearings is tested under a load F, and 
gives a life L, then 


Li F.\3 
Ls (3 l 
The specific dynamic capacity” is 
defined as the pure radial load C that 
gives a design life of one million revo- 
lutions when the inner ring of the 
bearing rotates relative to the direction 
of load and the outer ring is stationary 
relative to the direction of load. Then 
for any radial load P the life is given 
in millions of revolutions by 


C N? 
L (3) 


If the value of C is known for a 


1948 


to load. 


Relative Life 


40 60 
Bearings Failed 


FIG. 1—A typical life distribution curve 
showing the relative lives at which various 
percentages of the bearings will fail under 
identical load. L,, is average life, Ly or L, 
is design life or “10 percent failure life." 
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SCALE 1 SCALE 2 Table I—Load Factor 


Speed Speed Life Hours 


































factor rpm factor life Bearing Type 
fa n f, Lh Sanaa acad as 
I.5 10 0.75 200 Double row self-aligning ball bearings. ................-.00000- 3,200 
1.4 
i ' 0.80 Single row deep groove ball bearings without filling slot.......... 6,400 










Single row deep groove ball bearings with filling slot............ 5,300 


12 2 0.85 = 300 








Single row angular contact ball bearings................00eeees 6,400 


0.90 
0.95 
1.0 500 





30 









Double row angular contact ball bearings.............. sues 








Radial roller bearings with short rollers (l4 « 1.4 D,) and guiding 


40 
NER oon cade VUL IE xU oa ORAE ORENSE ERR CR OR SER 7,100 


50 600 
— 60 
E E ý 800 
90 Le 900 












Single row thrust ball bea. ...eeeeese ce err t enm hit trm wa 8,500 











Seheneal solle Dunut Desc. ..orsns hero sh rr RR Rt Inn 17,800 






Table II—Rotation and Thrust Factors 
for Determining Equivalent Radial Load 










Rotation Factor X 





———————————————— | Thrust 
Bearing Type Rotating Rotating Factor 
Inner Ring | Outer Ring Y 









Load Load 


400 ` A E A 









































500 Self-aligning ball 1 1 0.5 cota 
— 600 1.9 Double aaa nn : |] —— 
row Angular contact ball, 
ja 2.0 4,000 bearings | Spherical roller 1 1.4 0.8 cota 
1000 5,000 Angular contact ball, 


Single Tapered roller 0.5* 0.7* 0.4 cota 




























row ————— Oe l$l 
bearings | Deep groove ball bear- 1 
1,500 7,000 ings without filling slot 1 1.4 1.0-1.5 
| ee a 
0.26 T. 2000 2.5 8,000 Cylindrical roller bearings l 1.4 — 
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Table III—Thrust Factor 

























0.19 5.000 15,000 " 
0.18 - 
= 6,000 Y, for Load Rotating 
0.17 -Æ 7,000 20,000 Bearing Type Relative to 
0.16 -i— 8,000 35 wa 
9,000 Inner Ring | Outer Ring 
0.15 - 10,000 meugaga nib — 





















0.14 - 40 30,000 Spherical roller thrust bearings.............. 1.8 2.1 


15,000 € k ia b 




















0.12 + 20,000 40,000 












Table IV—Coefficients of Bearing Friction 

























50,000 etm — pex 
30,000 AE i 
0.10 — as 60.000 Sell-alionaite OAll BERLIOS. 6.6 oi. occ ccccescoccvceccnssceces u = 0.0010 
0.09 40,000 | 70,000 Cylindrical roller bearings with short flange-guided rollers.... x = 0.0011 
—- 50,000 55 80,000 ZO DD, odo hic po oo Rom a RR Re RR RH u = 0.0013 
— 60,000 90,000 








0.0015 


T 
li 


Single row deep groove ball bearings. ..............0ee000: 





Tapered and spherical roller bearings with flange-guided rollers » = 0 0018 


FIG. 2—Speed and life factors for any desired speed or life N i - 0.0045 
can be selected from their respective scales for substitution ` aa aaa a va C cs u= ) 
into one of the equation (8) formulas. ——————————————— Á 
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given bearing, the life can be estimated 
by the above formula for any radial 
load. 

Some bearing catalogues list the 
value of C for each type and size of 
bearing. If C is not given it can be 
calculated from the following factors 
used in formulas below: 


C =the specific dynamic capacity in 
pounds 

i = the number of rows of rolling ele- 
ments 

De = the diameter of the rolling elements 
in inches 

le = the length of the rolling element in 
inches 

Z -the number of rolling elements per 
TOW 

a =the angle of contact of the rolling 

41 ~ elements with the outer race 

f, =the factor depending on type of 


bearing and conformity of contact. 
For some bearings of conventional 
type and groove radius, f. can be 
found from Table I. 


Expressed in the formulas 


ý f. i Dj)? Z?? cosa 
C Có. 


for ball bearings and 
C A i De la Z?/5 cos a Ib i 


for roller bearings. 

The angle a can usually be found 
with sufficient accuracy by scaling 
manufacturer's drawings. Deep-groove 
ball bearings and cylindrical roller bear- 
ings have a — O degrees. Angular 
contact ball bearings are made in this 
country to g 15, 20, 25, 30, 35, 40 
deg, depending on the manufacturer 
and the use for which the bearing is 
intended. Spherical roller bearings 
have x — 7 to 15 deg-and spherical 
roller thrust bearings have a — 50 
degrees. Tapered roller bearings have 
contact angles ranging from approxi- 
mately 12 to 27 degrees. 

Some bearings are designed solely 
or principally to carry thrust loads. 
These types include ball thrust bear- 
Ings, spherical roller thrust bearings, 
tapered roller thrust bearings, and cyl- 
indri al roller thrust bearings. For 
thrust bearings the specific dynamic 
Capacity C is given as a pure thrust 
capacity by the formulas 


)2 
ANE B (5) 


1+0.5 D, 


tor ball thrust bearings and 





e Do ly Z 


sin « lb (6 





single row thrust roller bearings. 
Often the life of the bearing may be 
desired in hours at some definite speed 


I? rpm of the shaft. Then a speed 
facto: 


fa and a life factor f, can be 
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speeds and low temperatures. 
shafts, large vertical water pumps, and electric generators. 
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taken from the scales in Fig. 2 and 


used in the following formulas: 
f, P 

I= I— = LlI[——— = = , (| 
pat C= frase 
to find whichever quantity is unknown. 

Many radial bearings are so con- 
structed that they can carry both radial 
and thrust load. Here it is usual to 
calculate an equivalent radial load P, 
which would give the same life as the 
actual combined load. Where 


P = the equivalent radial load in pounds 
X = a rotation factor given in Table II 


F, = the radial component of load in 
pounds 
Y = a thrust factor in Table II 


Fa = the thrust of load in 


pounds 


component 


Then P is found from the formula 


P=XfF,+YF, lb 8) 

The factor X depends on whether 
the inner ring rotates relative to the di- 
rection of load, "rotating inner ring 
load," or whether the outer ring ro- 
tates relative to the direction of load, 
"rotating outer ring load." The factor 
Y depends on the type of bearing and 
the contact angle. 

Most thrust bearings cannot carry 
any radial load. For those which can 
the equivalent thrust load is given by 
the formula 


Pa = Fa + YaF, Ib (9 





















































































Applications include wind tunnel fans, 





where Y, is a factor given in Table III. 
The formula is valid only if the radial 
load is less than two-thirds of the 
thrust load at all times. 


FRICTION 


In some precision machines, con- 
sideration must be given to the fric- 
tion in the bearing, and the additional 
torque required to overcome it. This 
friction varies with load and speed but 
its value can be approximated for nor- 
mal operating conditions where 


T — the torque in inch-pounds 
d =the bearing bore in inches 
P = the equivalent load in pounds 


(See equation 8 for a method of calcu- 


lating P) oa) 
u = the coefficient of friction as given in 
Table IV 
by 
dP 
T=” I 10 





) 


In addition to bearing friction, the 
friction of rubbing type seals must be 
considered where friction loss can 
cause trouble. Seal friction is normally 
much greater than bearing friction. 
Minimum seal friction can be obtained 


with nonrubbing labyrinth seals. 
These considerations and good engi- 
neering judgment will serve as a guide 
to the specification of a bearing in ordi 
nary applications. For unusual applica- 
tions a complete analysis should be 
made by a qualified bearing engineer. 












SPHERICAL ROLLER THRUST BEARING incorporating high load capacity with high 
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UNDERCUT produced with preshave hob. A method for rapid 


solution of meshing problems is desirable for gear designers. 


INVOLUTE ACTION CHART—1. This graph is used to solve 
meshing problems for diametral pitches in @ to 12 range 


D. W. DUDLEY 


Gear Engineering Division 
General Electric Co., Lynn, Mass. 


Graphical Determination 


WHEN AN INVOLUTE GEAR and pinion 
roll together in mesh, it is necessary 
that their tooth profiles be conjugate 
curves to such a depth as will permit 
complete engagement without inter- 
ference. If a continuous transmission 
of motion is to occur, the duration of 
contact between a pinion and a gear 
tooth must be sufficient to allow a sec 
ond pair of teeth to come into engage 


of Gear Contact Ratios 


Contact ratios, form diameters, hob undercut diameters and 
other gear action problems can be solved quickly and accurately 
with one type of curve chart. Preparation of the charts is ex- 
plained and their use illustrated with sample meshing problems. 


Path of contact 


Rotation // 
on 


D¢ - Base dia, gear 
Dp -Pitch dia, gear 
D, - Outside aia, gear 


MESHING DIAGRAM, showing that travel of contact point is predicated on intersection 
of circles and straight lines. Therefore graphical solution of meshing problems is possible. 


d, - Ovtside dia, pinion 
dp- Pitch dia, pinion 
di, - Base aia, pinion 


¢- Pressure angle 
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ment before contact between the first 
pair is terminated. 

These two requirements make it 
necessary to solve problems concerned 
with the limit or lowest point of in- 
volute action. These might be called 
“meshing diagram” problems, since 
they can be solved by constructing 
meshing diagrams of sufficient size 
and accuracy to permit measurement. 

Tooth action of an involute gear and 
pinion is shown below, left. Contact 
starts at point 1 where the outside di- 
ameter of the gear cuts the line of 
action, and contact ceases at point 2 
where the outside diameter of the 
pinion cuts the line of action. As the 
pinion revolves, the point of contact 
travels in a straight line between these 
points. Since both points are de- 
pendent only upon circles and straight 
lines, it is possible to find their posi- 
tions graphically. 

Shown to the right of the Meshing 
Diagram is a circle with a unit diameter 
and a point on the circle located in 
féctangular coordinates by a chordal 
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Both charts should be enlarged to 6 by 93 inches. 
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assume a series of diameters and a 
series of angles @ and construct a graph 
sheet such as Involute Action Chart 1. 
Convenient scales can be selected so 
that any desired accuracy can be ob- 
tained. Table I shows sample calcula- 
tions that can be used in plotting such 
a curve sheet. In these figures the 
pressure angle lines are drawn at a 
slope, 4/5, which equals the tangent 
of the transverse pressure angle of the 
gear. Their intersection point at 0.160 
in. on the P scale of Chart 1 has no 
particular significance. In the prob- 
lems to follow, the pressure angle lines 
are used only to establish slopes; no 
readings are taken directly from them. 

To solve gear problems in the 6 to 
12 diametral pitch range, Chart 1 
should be enlarged to 6 by 93 in. ap- 
proximately. Both Charts 1 and 2 
have been reduced for reproduction 
here. By simply multiplying all linear 
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Addendum 


DIAGRAM OF METHODS of using the type of graph shown 


at the left to solve meshing problems, such as 


contact ratios. 


values in the scales, it is possible to 
convert Chart 1 to another curve sheet 
suitable for doing gears of a different 
pitch range. Chart 2 is similar to 
Chart 1, except that the scale has been 
enlarged to handle 3 to 6 diametral 
itch. Note that there is a 2 to 1 ratio 
ons the two charts on the scales 
for b, s, and diameter. In a similar 
manner it is possible to convert the 
graph scales to accommodate any other 
desired diametral pitch range. 
CONTACT RATIO 

As a first problem, the contact ratio, 
m, will be determined. This quantity 
is often described as the “average 
number of teeth in contact.” It is 
numerically equal to the length of 
the line of action, divided by the base 
pitch. Diagram a at the right of the 
charts shows how the graph of Chart 
1 can be read to determine a, sp dis- 





Table I—Sample Calculations for Chart 1 


4 in 8 in. 8 in. 

2 in. 4 in. 4 in. 

10 deg 3 deg 6 deg 
0.17365 0.05234 0.10453 
0.3473 0.2094 0.4181 
0.98481 0.99863 0.99452 
0.01519 0.00137 0.00548 
0.03038 0.00548 0.02192 








distance s and a height b. These Trem Operation u 
values may be calculated from a central Di 
angle @ by the equations, : — D 1 E 
D sin 0 3 Central angle, 6 5 deg 
3 l 4 Sin @ 0 O87 16 
2 5 = (2) x (4) 0.1743 
D (] cos ð o Cos 0 Ü 99619 
: L2 , 1 — (6) 0.00381 
^ 8 h = (2) X (7 0.00762 
Using equations (1), it is possible to 
D p 
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Table II—Steps in Determining the Contact Ratio 





Table III—Steps in Determining the Form Diameter 














Item Operation Numerical Value Item Operation Numerical Value 
1 Pinion addendum, a; 0.100 1 Addendum of mating part, a 0.100 
9 Prose" l 20 deg 2 Outside dia of mating part, D, 9.200 
- are oe e E 3 Transverse pressure angle, 6 20 deg 
3 Outside dia of pinion, de 3.200 4 Read chart 1 for hi at (1), (2) and (3) 0.007 
4 Read chart 1 for sp at (1), (2) and (3) 0.230 5 Si at (4) 0.255 
5 Gear addendum, a6 0.100 6 Pitch diameter, D 3.000 
6 Outside dia of gear, D, 9.200 7 2 X (1) 2 n 
7 Read chart 1 for sg at (5), (2) and (6) 0.255 8 (6) — (7) 2.800 
s (4) + (7) 0.485 9 Read chart 1 for À: at (5) and (8) 0.0235 
9 Circular pitch, p. 3.1416 10 (9) + (4) 0.0305 

10 Cosine of (2) 0.94 1] 2 X (10) 0.061 
11 10) x (10) 0.883 12 Dr = (8) + (11) 2.861 
12 9) x (11 0.2775 13 Check (9) using (12) instead of (8) and sub- 

s i k á E. stitute new he if a different value is obtained. 

" me = (8) + (1) 1.75 Then correct (9), (10), (11) and (12) and recheck. 


Table IV—Steps in Determining the Undercut Diameter 




















Table V—Determining the Shaving Cutter Addendum 


Item Operation Numerical Value Item Operation Numerical Value 
1 Addendum of hob, ax 0.135 1 Shaving diameter, D, 2.852 
2 Hob tip radius, rz 0.038 2 Shaving pitch dia of gear, D 3.000 

bend 3 (2) — (1) 0.148 
3 Normal pressure angle hob, $4 19 deg 22 min 12 sec ' 0.074 
4 Sine (3 0.332 4 (3) +2 .074 
) 1 — (4) 0.668 5 Shaving transverse pressure angle of gear, 20 deg 
: E d — JRE 6 Read chart 1 for hi at (4), (5), and (1) on lower E 
= — C 0.0255 diameter scale 0.0295 
7 a = (1) — (6) 0.1095 7 (4) + (6) 0.1035 
8 Hobbing pitch dia of gear, D 3.000 8 Shaving pitch dia of cutter, de 7.3729 
9 2 x (7) 0.219 9 2 X (7) 0.207 
10 8) — (9) 2.781 10 (8) + (9) 7.579 
11 Hobbing transverse pressure angle gear, $ 20 deg 11 Shaving transverse pressure angle of cutter, óc 19° 32’ 46” 
12 Read chart 1 for S at (7), (11), and infinite dia 0.300 12 Read chart 1 for s, at (7), (11), and infinite dia 0.290 
13 Read chart 1 for h at (12) and (10) 0.0325 13 Read chart 1 for h: at (12) and (10) 0.0115 
14 2 x (03) 0.065 14 ac = (7) + (13) 0.115 
15 D, = (10) + (14) 2.846 15 2 X (14) 9.220 
16 Check (13) using (15) instead of (10). Revise RP 16 d, = (R) + (15) ; 7.602 
13), (14) and (15) if new h is obtained and 7 Check (13) by substituting (16) for (10). If 
recheck. new hz is obtained revise operations (13) to (16) and recheck. 


MM ——— 


tance for the pinion. 
as follows: 

(a) Locate pinion addendum, 4,, 
on P scale. 

(b) By using two right angle tri- 
angles, draw line parallel to pressure 
angle line to pass through a,. 

(c) Read s, value at intersection of 
line (b) and curve for pinion outside 
diameter. 

The steps (a), (b), and (c) are re- 
peated using data for the gear to obtain 
an 5; value. Then the contact ratio 
can be obtained by the simple relation 


The steps are 


fn + fG 
mp = —— —— (2) 
pe X cos* d 
Wherein, 
fe = circular pitch = 3.14159/diametra] 
pitch 
@ = pressure angle 


Operation sheets listing each step 
of the problem make it possible to 
have the actual work done by calcula- 
tors who may know little about gear 
engineering. 

An operation sheet for the contact 
ratio problem is given in Table II. 
Nomenclature used agrees with the 
American Standard Letter Symbols for 
Gear Engineering. Numerical values 
are listed for a 30-tooth pinion and a 
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90-tooth gear, 10 diametral pitch, 20- 
deg pressure angle, and each having 
0.100 addendum. Numerical values 
for the operations necessary to solve 
the problem are underlined in the 
table. A reader desiring to check the 
method should use the graphs and 
steps in Table II to solve for the un- 
derlined figures. It should take an 
experienced calculator about three 
minutes. 
FoRM DIAMETER 

The "theoretical involute form di- 
ameter, popularly known as "form di- 
ameter," is the lowest diameter on the 
tooth at which involute action occurs. 

In the Meshing Diagram, the pinion 
form diameter is the diameter that 
passes through point 1. In precision 
gearing it is necessary to calculate this 
diameter precisely, and specify it on 
the production drawing so that in- 
volute profile checks can be taken from 
this diameter out to the tip of the 
tooth. 

How to read the graph in solving 
for the form diameter is shown in 
Diagram b. The addendum and out- 
side diameter of the mating part are 
used to locate the point at which invo- 
lute action terminates. An /, value is 
read to find the amount by which the 
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mating part has separated or pulled out 
of mesh. Then an P, value is read at 
the form diameter for the amount that 
the form diameter itself has pulled out. 

Since the form diameter is not 
known precisely at this ‘stage, it 1s 
necessary to read 5, using an approxi: 
mate value for the form diameter 
Then P. can be corrected later if the 
assumed form diameter is substantially 
in error. In practice it is seldom neces 
sary to do this. 

Formula for the form diameter is, 


D; = D—2a+2 (h + h) (3 
Wherein, 


D = pitch diameter of part 
addendum of mating part 
pullout of outside diameter of 
mating part 

he = pullout of form diameter 


Table III shows an operation sheet 
for determining form diameters. Nu 
merical values are shown to set up the 
problem of finding the form diameter 
of the same 30-tooth pinion used in the 
first problem. Answers are under 
lined. 


a 
hy 


UNDERCUT DIAMETER 


Suppose that it is desired to hob 
gears with preshave hobs and then 


finish by shaving. The radius of the 
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hob tooth should be large enough to 
generate a generous fillet at the base 
of the gear tooth and thereby relieve 
stress concentration, and yet it should 
not be so large that the fillet will ex- 
tend above the form diameter. The 
tool designer needs to design his hob 
so that the deepest point of undercut 
will come at or below the gear form 
diameter. This leads to the problem of 
determining the undercut diameter, 
D, In the photograph on the first 
age is illustrated a pinion tooth that 
has been hobbed with a "protuber- 
ance" type of preshave hob. The 
undercut produced by the hob is clearly 
shown. The undercut diameter passes 
through the point of tangency between 
the undercut and an involute curve. 
The nature of the hob tip and the 
way to use the graph to solve this 
problem are shown in Diagram c. 
With single thread hobs the pullout of 
the outside diameter of the hob is usu- 
ally negligible, so the problem can be 
solved by simply finding the hob ad- 
dendum distance, a, to the highest 
point on the protuberance and the pull- 


























out of the undercut diameter. The 
formula for D, is, 
D, = D — 2 [an — rn 
(1 — sin ġa)) + 2 h (4) 






Wherein, 


D = hobbing pitch diameter of gear 
ax = hob addendum 








tx = hob tip radius 
$n = normal pressure angle of hob 
hy = pullout of undercut diameter 







The operation sheet for determining 
the hob undercut diameter is in Table 
IV. Numerical given values are listed 
for the 30-tooth pinion with answers 
underlined. It is assumed that the 
pinion has 15-deg helix and a normal 
pressure angle of 19 deg 22 min 12 
seconds. If the pinion had been 
shaper-cut instead of hobbed, the pro- 
cedure for finding D,, would have been 
very similar to that of finding the form 
diameter. Table III could have been 
wed, except that the addendum and 
outside diameter of the mating part 
would have had to have been the 
values of the highest point of protuber- 
ance on the shaper cutter and the pitch 

lameter, D, would have to be the 
atual operating pitch diameter in 
shaping. 




















SHAVING CUTTER DESIGN 






After the tool designer has designed 
his hob so that it will put the undercut 
diameter below the form diameter, he 
still has the problem of designing a 
shaving cutter that will make the diam- 
&er at which shaving ends come below 
the form diameter but not below the 
undercut diameter. 

The shaving cutter problem is usu- 
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ally carried out in a backwards direc- 
tion from the proceeding problems. 
Instead of solving for D, (diameter at 
which shaving ends) from some prede- 
termined cutter design, the desired 
value of D, is already known and the 
calculation is carried out to determine 
what addendum the cutter should have 
to make it finish the involute to the 
proper depth. 

The basic steps in reading the graph 
to determine the cutter addendum, 4g, 
are shown in Diagram d. Note that 
it is necessary to use two different pres- 
sure angles; namely, the transverse 
pressure angle of the gear and the 
transverse pressure angle of the cutter. 
Since shaving cutters nominally work 
on crossed axes, these values are not the 
same. Also it is necessary to read the 
graph of Chart 1 in the lower region 
where the circles are curving down in- 
stead of up. 

The formula for the cutter adden- 
dum is as follows: 


D -- D . j 
que 5 "+ hy +h, (5) 
Wherein, 
D - pitch'diameter of gear during 
shaving 
D, = diameter where last point of involute 
is shaved 


hy 
he 


pullout of D 


pullout of cutter outside diameter 


An operation sheet for the shaving 
cutter addendum problem is shown in 
Table V. 

Numerical values are shown for the 
30-tooth pinion, assuming that it has 
a 15-deg helix angle and that the shav- 
ing cutter has an 8-deg helix of the 
same hand, making the crossed-axes 
angle 7 degrees. With a 20-deg trans- 
verse pressure angle on the gear, the 
normal pressure angle will be 19 deg 
22 min 12 sec for both the cutter and 
the pinion, and the transverse angle of 
the cutter will be 19 deg 32 min 46 
seconds. 


LIMITATIONS OF GRAPHICAL METHOD 


It must be kept in mind that the 
solutions are based on involute action. 
If the action occurs below the base 
circle, then true involute action is 
impossible and misleading results will 
be obtained by following the methods 
described. If the following equation 
gives a number greater than the num- 
ber of teeth in the part, there is danger 
of noninvolute action. Enveloping 
layouts should be made to analyze the 
tooth action by showing positions of 
each hob tooth as they cut on the gear 
teeth or successive contacting positions 
of a mating gear tooth. 





N= 2a (6) 
sin? @ 
Wherein, 








a = addendum of mating part or 
“generating” addendum of tool 
@ = transverse pressure angle 


Another limitation is the fact that 
hobs have finite numbers of teeth. 
Sometimes it happens that the teeth 
are so few on the hob that "steps" are 
formed instead of a continuous curve 
in the region of the hob undercut 
diameter. If the number of hob 
gashes divided by the number hob 
threads is less than 10, there is apt to 
be trouble with steps. 

In calculating shaving cutters, it is 
necessary to keep the cutter addendum 
small enough so that the sum of the 
cutter and gear addenda do not exceed 
a certain percentage of the gear whole 
depth. For the examples shown 
ag -+ aç must not equal more than 93 
percent of gear whole depth. If this 
percentage becomes too large, the cut- 
ter will notch or foul the root fillet of 
the gear, even though its contact with 
the involute profile is satisfactory. The 
remedy is to reduce the cutter out- 
side diameter and tooth thickness so 
that the cutter shaves at a pitch di- 
ameter which is less than the operat- 
ing pitch diameter of the gear. In 
all of the above problems, the pitch 
diameters, pressure angles, and ad- 
denda must be the actual operating 
values rather than the design or theo- 
retical values. For instance, a gear 
may be designed for 20-deg pressure 
angle, but it might be hobbed at a 19- 
deg hobbing pressure angle and it 
might be shaved at a 16-deg shaving 
angle. Where an “operating” pitch 
line is used that is different than the 
design pitch line, the cutting tool must 
have its tooth thickness adjusted so 
that it equals the space thickness of the 
gear at the operating pitch line. The 
normal pitch and normal pressure 
angle of the tool must agree with those 
of the gear at the operating pitch line. 

The above 19-deg hobbing would 
make it necessary to locate the "hob- 
bing pitch diameter," i.e. the diameter 
at which the involute vector angle was 
19 deg, before proceeding with the 
calculation of the hob undercut diam- 
eter. Likewise, it would be necessary 
to locate the diameters corresponding 
to a 16-deg transverse pressure angle 
on the gear before the shaving calcu- 
lation could be carried out. 

If there was need for extreme ac- 
curacy, the Chart 1 curves could be 
plotted on a much larger piece of 
paper. In many cases in the past, cal- 


culations or layouts for the limits of 
involute action were not done because 
of the trouble involved in getting pre- 
cise answers quickly. With the new 
method it is possible to have precise 
answers for every job. 
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CONTINUING RESEARCH to maintain 


control of the air was strongly urged 
on the nation in à recently released re- 
port by a five-man commission ap- 
pointed by President Truman. Titled 
‘Survival in the Air Age’, the report 
(see Washington Notes, page 159) 
outlined steps necessary to maintain air- 
superiority in a world that could, 

cording to the report, see an atomic 


war at any time after "A-day", Jan- 

uary 1, 1953. : 
Headed by Thomas K. Finletter, 

this commission has evaluated the 


strength of our present air force and 
made recommendations for a policy 
to be followed during the two phases 


of the future. Phase I covers the 
period to A-day and Phase II, after 
A-day. Appropriations, research, de- 


velopment and production progr ams 
must provide 12,400 modern planes 
and 8,100 reserve aircraft, to replace 
initial losses in the event of war. by 
the conclusions of Phase I. i 


CURRENT REQUIREMENTS 


Need for intensive research and de- 
velopment in aeronautics is now felt 
because wartime efforts were aimed 
at developing for production existing 
designs of aircraft. Fundamental re- 
search was practically abandoned and 
by VJ-Day our reserve of research in- 
formation was largely exhausted. Ex- 
pert opinion holds that our Air Force 
must have planes that apply results 


of the latest fundamental investiga- 

tion. i 
Research into fundamental aero- 

dynamic phenomena in all speed 


ranges, particularly in the supersonic, 
should be pursued; as such speeds 
are important in design of high speed 
piloted aircraft and long-range guided 
Also, our knowledge of 
theory and application in accurate guid- 
ance of missiles to selected targets is 
deficient. 

Most pressing current requirement 
is to establish an Air Force policy and 
set necessary plans and programs in 
motion. The Joint Chiefs of Staff will 
have to evaluate all suggestions relat- 
ing to the Military Establishment, as 
outlined in the National Security Act 


missiles 


of 1947, and determine priorities of 
the various plans. 
For fiscal year 1948, the govern- 


ment is spending about 312 million 
dollars for aeronautical research and 
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TECHNICAL NEWS HIGHLIGHTS 


Aircraft Design Superiority Recommended As National Policy 


development. This represents direct 
ae for aeronautical research, 
but is supplemented by expenditures 
in other contributing fields. These ex- 
penditures are broken down by agen- 
cies in the accompanying table. 

Of the total appropriations to the 
services, about 200 million dollars go 
for research and development work 
done for the military by the aircraft 
industry and in educational and scien- 
tific institutions. The balance is spent 
in planning and evaluation by services 
in their own research and development 
facilities. 


PERSONNEL PROBLEMS 


As in many fields today, shortage 
of trained personnel is a serious prob- 
lem in aeronautical research labora- 
tories. The commission recognized 
this need and recommended that every 
encouragement be given universities 
and scientific institutions to train more 
and better aeronautical scientists, re- 
searchers and engineers in all fields. 

During wartime, design teams were 
organized to expedite all phases of 
aircraft design and production. Be- 
cause these teams are vital to national 
defense, the commission feels that 
competition throughout the aircraft 
industry must be so regulated that 
necessary design teams and production 





COMMISSION CHAIRMAN 
Finletter, prominent New York and Penn- 
sylvania lawyer, served as special assistant 





to the Secretary of State between 1941 and 
1944, and as consultant on international 
administration to the American United 


Nations delegation at San Francisco in 1945. 
Later this year Mr. Finletter will serve as 
chairman of the planning board for the 
International Air Exposition in New York. 
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Organizations are not liquidated. De. 
sign teams can also be eliminated if 
aircraft output falls too low. Procure- 
ment and production planning must 
be done so that the aircraft industry 
will not be forced to lay off these key 
teams. 

The Air Policy Commission dis- 
agrees with the Attorney General's 
recent proposal that all rights to pat- 
entable inventions made under gov. 
ernment-financed contracts be assigned 
to the government. Adoption of such 

policy would turn research and de- 
velopment men’s efforts away from 
government development to commer- 
cial activities. 

Dispersion of aircraft and parts 
plants, a desirable plan in wartime, 
could introduce personnel problems. 
Desirable personnel might not want 
to change job locations from well. 
developed areas to under-developed 
regions. 

Another personnel problem is found 
in the services themselves. Present 
policies are devised to produce well. 
rounded officers. ^ An officer's duties 
are regularly changed so he will have 
experience in all branches of the mili- 
tary. In long-range research plan- 
ning, key personnel cannot be changed 
without losing continuity of effort and 
experience. The commission recom- 
mends that the services inaugurate 
plans for having a force of career 
officers in research activities. 































CONTINUOUS RESEARCH 





To maintain our Air Force in proper 
state of modernization, continuity of 
research is necessary. Plans should 
be established whereby each company 
will always have at least one aircraft 
in production, one in dev elopment and 
one in design-study stage. To 
cessfully carry out this schedule, all 
manufacturers of airplanes and parts 
must have progressive research pro- 
grams. Aircraft designs developed 
must be technically superior and re ad- 
ily producible. An airplane that can 
be produced easily can be maintained 
easily. 









suc- 










To increase research capacity dur 
ing the war, universities and engincer- 





ing schools were awarded government 
contracts to pursue research projects 
in aeronautics. Such projects an- 
swered fundamental questions and de- 

veloped a nucleus of trained research 
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personnel. Because these services can 
continue during peacetime, the com- 
mission feels that they should be ener- 
getically supported. 

Projects deserving continuous re- 
search efforts have been listed by the 
Air Policy Commission (not in order 
of importance) : 












ATOMIC PROPULSION. Possible use 
of atomic energy for the propulsion 
of planes and missiles should be in- 
vestigated under supervision of the 
Atomic Energy Commission, Air Force, 
Navy and National Advisory Com- 
mittee for Aeronautics. All back- 
ground information on atomic knowl- 
edge must be made available to the 
agencies involved. 
















ELECTRONICS. Because of the rapid 
progress in electronic devices, the com- 
mission recommends formation of a 
setter coordinating plan than now 








force 


Navy 


National Advisory Committee for Aeronautics. 


ESTIMATED APPROPRIATIONS 
FOR NATIONAL DEFENSE PROGRAM 


1950 


Calendar 


Years 





ARMED FORCES APPROPRIATIONS recommended by the President's Air Policy Com- 


mission showing continuous increase in annual Air Force expenditures up to "A-Day." 





Development Expenditures 


By all Governmental Agencies During Fiscal Year 1948 


Expenditures 





Percent 

| Amount of Total 
$145,316,000 46.6 
75.000,000 24.0 
43,449,000 | 13.9 
30,000,000 9.7 
| 1100,00| $5 
| 4,952,000 | 1.6 
D. | 1,670,000 0.5 
ci 521,000 0.2 

EUM. " (838,200 

OSA | $311,908,000 | — 100.0 
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exists. Specific electronic applications 
requiring continuous research are: De- 
tection of approaching aircraft or 
missiles; guidance of pilotless craft 
and missiles, and navigation and blind 
landing techniques for all aircraft. 


GUIDED MISSILES. Techniques for pro- 
ducing successful short-range guided 
missiles are now understood, but prob- 
lems of long-range missiles have not 
been surmounted. It is the commis- 
sion’s opinion that both subsonic and 
supersonic missiles should be com- 
pletely investigated. 


HELICOPTERS. Direct-lift, rotary-wing 
aircraft appear so promising that con- 
tinuous research effort is warranted. 
Used as special auxiliary craft, heli- 
copters have proven their worth. 


Bumps. Nonrigid aircraft will be 
useful for carrying submarine detec- 
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tion devices of the future, as they were 
during the past war. The commission 
recommends continued research in this 
field to be carried out by the Navy and 
solely for naval applications. 


POWER PLANTs. Though gas turbines 
and rocket engines are expected to re- 
place aircraft reciprocating engines, 
the commission feels research on these 
types should not be dropped. Re- 
ciprocating engine and propeller com- 
binations will be used for many years 
on long-range bombers and transports. 
High fuel consumption and short serv- 
ice life of jet engines are projects that 
must be solved as rapidly as possible. 


GENERAL. The President's Air Policy 
Commission agrees with military opin- 
ion that rigid aircraft have little mili- 
tary use, and does not advocate 
government sponsorship of airship re- 
search. Personal aircraft, military 
"grasshoppers" during the past war, 
should be developed to a high degree. 
NACA research into small craft flight 
principles should not extend to de- 
velopment stages. If basic theory is 
discovered, industry will do the neces- 
sary developing. ‘Air navigation and 
blind landing methods are fields that 
will return immediate results in com- 
mercial aviation and long-term bene- 
fits in military operations. 

The commission’s policy objective 
is to provide a modern air force, 
backed by projects ready for produc- 
tion at a moment's notice. 


RECOMMENDATIONS AID INDUSTRY 


Recognizing the aircraft industry as 
vital to national defense, the commis- 
sion made recommendations that would 
stabilize the industry and maintain a 
producing nucleus of aircraft builders, 
suppliers and designers. 

It was recommended that the com- 
pany developing an airplane should 
be given the contract for its construc- 
tion, where this is possible. Produc- 
tion airplanes differ materially from 
original design, as service requirements 
change, and developing company can 
make these changes most rapidly. 

Also it was acknowledged that re- 
search programs cannot be laid out 
cost-wise previous to experimentation. 
For this reason, the commission rec- 
ommended that appropriations to aero- 
nautical research agencies be estimated 
on past performance of the agency 
and importance of the project. Funds 
should be allocated as a lump sum, 
and the agency should have blanket 
permission to distribute funds to meet 
requirements of various projects on its 
program. 

Forward contract authorization and 
long-range planning by the armed 


157 





T E C H N 


services would materially aid aircraft 
companies. The commission believes 
that military aircraft production should 
be planned five years in advance and 
reviewed each year. Contracts should 
be written with unit deliveries spread 
over the five-year period. This would 
allow aircraft companies to order mate- 
rials in large quantities and would 
keep the builders and suppliers in 
continuous operation. Savings could 
amount to 20 or 25 percent. 


GENERAL POLICIES 


The National Security Act of 1947 
vests responsibility for coordination of 
military, industrial and civilian mobi- 
lization in the National Security Re- 
sources Board. The commission rec- 
ommends that Under Secretaries of 
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Army, Navy and Air Force give spe- 
cial attention, under this board, to 
industrial mobilization—attention com- 
parable to that given research, devel- 
opment and procurement. Prior plan- 
ning is essential, as stated in the 
report, and all controls and plans 
should be geared to start immediately 
upon the declaration of an emergency 
by the President. 

The Air Coordinating Committee 
proposed that a reserve of general pur- 
pose machine tools be established and 
maintained with a minimum of 65,000 
units. This program has started, and 
the President’s Air Policy Commission 
agrees that it should be carried to com- 
pletion. 

Most general of the commission's 
policy recommendations concerns re- 
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lease of aeronautical information. At 
present, physical dimensions, perform- 
ance characteristics, technical data and 
clear photographs are released on most 
aircraft designs. The commission be- 
lieves wartime security regulations 
should be imposed and rigidly en- 
forced on all aeronautical discoveries, 
However, also contrary to present pol- 
icy according to the report, we should 
publicize our military readiness and 
potential strength. 

Throughout its investigation and 
report, the President’s Air Policy Com- 
mission concentrated on aviation and 
made no effort to evaluate overall mili- 
tary necessity. This task has been as- 
signed to the Joint Chiefs of Staff, 
whose responsibility it is to evaluate 
plans and assign priorities. 


Nondestructive Thickness Gaging by X-Ray Successfully Applied 


X-RAY THICKNESS GAGING enabling 
continuous production of accurate 
sheet and strip is now possible with 
a recently announced Westinghouse 
Electric Corporation instrument. This 
will be used in measuring thickness 
of all types of material, including steel, 
possibly coated with lacquer; glass, 
plastics and nonferrous metals. The 
gage automatically rejects off-gage ma- 
terial in flying shear applications or 
controls roller screw downs to main- 
tain uniform thickness in material 
coming from a cold mill. 

Basic advantages of an X-ray thick- 
ness gage include: No contact with 
material, surface will not be marred, 


thin foil will not be torn, and no part 
of the gage will be worn; instanta- 
neous response to changes, and ready 
access to areas difficult to gage by other 
methods. 

Gaging is accomplished by compar- 
ing amounts of X-ray absorption by 
an unknown piece with absorption by 
a piece of same material with desired 
thickness. Two X-ray sources (see 
schematic drawing) are focused on a 
photo tube pick-up so that the pick-up 
is at the right angle formed between 
the ray paths. 

Radiation from the lower source is 
directed up through the sheet being 
gaged so that transmitted rays will 


X-RAY GENERATOR 


THICKNESS 
INDICATOR 


strike and illuminate the fluorescent 
screen of the pick-up. X-rays from 
the upper source are directed horizon- 
tally through a standard sample of cor- 
rect thickness. The two sources emit 
radiation 180 deg out of phase so 
their waves alternate in striking the 
pick-up. This tube compares the in- 
tensities of the two X-ray beams after 
a large part of the radiation has been 
absorbed in the standard sample and 
the test sheet. 

The pick-up device is a photomul- 
tiplier tube surrounded by a fluores: 
cent screen and inclosed in a light- 
proof cover. A photomultiplier tube is 
a phototube with a built-in electron 
amplifier—permitting use of low-pow- 
ered x-ray generators. Absorption of 
x-radiation in the fluorescent screen 
excites the compound of the screen to 
visible luminescence which is picked 
up by the photo electric cell and con- 
verted into current pulses. The latter 
vary in amplitude according to the 
thickness of the material. 


"J STANDARD 
SAMPLE 
PHOTO TUBE | 
——K]— 


AMPLIFIER COMPARATOR 


Variations in X-ray intensity are 
registered on the indicator instrument. 
At full deflection of indicator needle, 
a red light goes on and a throw. 
out, or other mechanism, is actuated 
through electronic circuits. One model 
of the gage has been designed for 
thickness of steel sheet from 0.005 to 
0.050 in. The gage has a full scale 
sensitivity of one percent and will in- 
dicate a deviation of 0.00001 in. in å 
0.01 in. sheet. 

The basic design is being modified 
for inspection of complicated shapes: 
this is expected to be applicable to 
production of bottles and similar ob 
jects with internal voids. 
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Washington Notes 


Federal Research Expenditures 
Grow Larger and Larger 






Active federal support of research 
and development shows signs of as- 
suming major proportions in the near 
future. Recent presidential reports 
emphasized the urgent need for gov- 
ernment aid to science. For example, 
President Truman’s Economic Report 
to Congress said: 

“The expansion of national output, 
as well as national security, depends 
increasingly upon scientific accom- 
p Before the war we drew 
eavily on the basic discoveries of 
scholars all over the world. The war 
has impeded this free flow of knowl- 
edge . . . and destroyed much of it 
at the source . This is need for 
enlarged research ” This state- 
ment finds support in the President's 
budget for the fiscal year 1949. 

Proposed federal expenditures for 
research and development by all gov- 
ernmental activities for 1949 show an 
increase of $57,000,000 over the cur- 
rent year, from $884,000,000 to 
$941,000,000. This seems large; 
however, consider that the cost of 
researching and developing only one 
aircraft, the Consolidated Vultee B-36, 
was $30,000,000. This figure assumes 
only the building of the first proto- 
type, and does not take into account 
the tremendous added expense of 
developing a production model. 

Close perusal of the 6 lb, 1,353 page 
Budget of the United States shows 
that a minimum of 500 million dollars 
is requested for research and develop- 
ment in fields of interest to engineers. 
This figure does not include the pay- 
ment of personnel or construction of 
facilities. With funds requested for 
these two functions included, the total 
bill to the taxpayer would run well 
over a billion dollars. 

This 500 million dollar figure is 
the amount of money the President 
tequests be made available for research 
ind development obligations, in ad- 
dition to current contracts and former 
appropriations. The actual money to 
be spent in fiscal 1949 falls in the 
category of expenditures and is not 
available except in the over-all figure 
—941 million dollars. 


































Continuing Air Research—The re- 
Port of the President's Air Commis- 
‘on, “Survival in the Air Age” (see 
article, page 156, and accompanying 
dart) irges government-aided expan- 
on in every conceivable phase of 
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ORGANIZATION-PRESIDENT'S AIR POLICY COMMISSION 
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George P. Baker - Vice Chairman 
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Consultants 
John C. Cooper 
L.R. Hartenfeld 
H.F. Johnson 
S.W. Morgan 
Barnet Nover 
A.R Tully Jr. 
H.E.Weihmiller 


Air Force 


apt. 
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Navy Dept. 
C. 6. Williamson 
Commerce 
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Assistants 
A.C.Ballaseyus 
0.J. Deters 
W. N. Janson 
Guilietta Metcalf 
Th. K.Smull 
D. G. Sprague 


National 
Security 
Matters 


Research 
and 


aeronautics. It calls for the main- 
tenance of more than a token air 
force, and, more importantly, insists 
that this air force, with a large and 
adequate reserve, be kept constantly 
up to date. The report gives us until 
1953 to get this done, saying that after 
that, we will no longer have a monop- 
oly on atomic power and weapons. 

This report is important because the 
chances are that it will become the 
guide for future aeronautical develop- 
ment. 

The report points out that “by VJ 
Day our reserve of research informa- 
tion was largely exhausted.” It empha- 
sizes that development can proceed no 
faster than fundamental research. It 
urges that research projects not be 
limited by budgetary restrictions, that 
no fixed amount of money should be 
allocated to any one item of study, 
but that the agency should have the 
right of discretion in distributing funds 
to its various projects as demand arise. 
In order to meet emergencies arising 
during the fiscal year, the report ad- 
vises that each agency be alloted an- 
nually a revolving fund for the con- 
struction of new facilities. At the 
end of the year the agency would be 
required to make an accounting of its 
disposition of the money. 

The commission urges that the pres- 
ent 2-year limit set on contracts be 
eliminated, pointing out that many 
projects at the outset are known to be 
long term problems. In order to en- 
courage manufacturers to more readily 
accept research and development con- 
tracts the report suggests a liberaliz- 
ing of government cost allowances. 
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NACA is recommended as the log- 
ical agent to coordinate all research in 
the aeronautical sciences. The report 
states that NACA should be granted 
additional funds to strengthen its or- 
ganization, in order that it can better 
fulfill this purpose. 


C.H. Colvin 


Aircraft 
Industry 
Matters 


Procedures 





Air Appropriations—Aeronau t's and 
associated fields account for the largest 
part of this research and development 
money. Research includes everything 
from the ceramics of jet turbine blades 
to "atmospheric" conditions in outer 
space. 

Air Force funds available for re- 
search and development obligations 
for 1949 are almost the same as 1948 
—145 million dollars. This is par- 
tially explained by the fact that much 
Air Force research activity is actually 
being conducted under "the procure- 
ment of planes" (767 million dol- 
lars for 1949), "the procurement of 
guided missiles” ($10,300,000), or 
under other titles where detection is 
intentionally difficult. 

Additional research funds re- 
quested for the Army are as follows: 
$6,246,000 for the Quartermaster 
Corps, including the study of every- 
thing from tropical food containers to 
"Operation Frostbite" clothing; $18,- 
350,000 for the Signal Corps, en- 
compassing products such as airborne 
wire laying reels and special antennae; 
$5,000,000 for the Corps of Engi- 
neers; $40,567,900 for the Ordnance 
Department, and $6,000,000 for the 
Chemical Corps. 

Naval research and development 
chiefs are asking for $210,831,532 
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for 1949. 
is for 


The biggest single slice 
aeronautics, 75 million. dollars. 
The problems of jet propelled fighter 
operation on carriers will get careful 
attention along with the Navy's ex- 
tensive  transonic and supersonic 
projects. 

The Office of Naval Research, con- 
ducting basic work in chemistry, phys- 
ics, nucleonics, electronics, metallurgy, 
geophysics, and others, sets its needs 
at 40 million dollars. In addition to 
conducting basic research and sup- 
porting the Naval Research Labora- 
tories, ONR also operates a Special 
Devices Center on Long Island, where 
aerial gunnery and navigation trainers 
are developed. 

Research and development in the 
various Navy agencies is closely inter- 
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locked. For instance, Navy Ordnance 
which is earmarked for $63,000,000, 
supports and operates the new Naval 
Ordnance Laboratory at White Oak, 
Md. Most of NOL’s work will be 
on projectiles and explosives, but 
much will be learned from guided 
missile research in these tunnels which 
will be directly applicable to super- 
sonic aerodynamics. 

The balance of Navy research 
money requested is as follows: Bureau 
of Ships, $30,350,000, and the Bu- 
reau of Yards and Docks, $2,481,532. 

The needs of the Atomic Energy 
Commission for funds to be devoted 
specifically to research call for $70,- 
394.060. This does not include at- 
tendant construction and personnel 
salaries. AEC wants $338,481,808 
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for construction purposes alone in 
1949, much of which will be devoted 
to building research facilities. 

As in fiscal 1948, the budget again 
assumes the formation of a National 
Science Foundation, and includes a 
request for 15 million dollars for this 
purpose. Congress passed a bill for 
its formation this last year, but the 
President, objecting to the way in 
which it was to be administered, dis- 
approved it. 

The rest of the half billion dollars 
requested for research and develop- 
ment is wanted for TVA, mining and 
fuel research of the Department of 
the Interior, NACA, the Bureau of 
Standards, the Civil Aeronautics Ad- 
ministration, and other Department 
of Commerce activities. 


Huge Electronic Calculator to Solve Industrial and Scientific Problems 


OFFERING A NEW TOOL FOR INDUS- 
rRY, science and business, a new high- 
speed calculating machine, the IBM 
Selective Sequence Electronic Calcu- 
lator, was dedicated recently by the 
International Business Machines Cor- 
poration, at its New York headquar- 
ters. Based on an extension of prin- 


ciples learned through development 


of ENIAC, 


calculator (see 


the original electronic 
Propuct ENGINEER- 
ING, May, 1946, page 412), the new 
machine has already achieved worth- 
while results in such diversified fields 
as astronomy and gear design. 
Containing 12,500 electronic tubes, 
the new machine combines the speed 
of electronic circuits with a memory 


CARD PUNCHES PRINTERS 


TAPE MEMORY 


capacity of 400,000 digits and the 
necessary controls to utilize this speed 
and capacity on the most complex 
problems of science. The new calcu- 
lator combines electronic speed, vast 
memory capacity and highly flexible 
and convenient programming (or se- 
quencing) facilities. Its flexibility ex- 
ceeds that of the IBM Automatic 
Sequence Controlled Calculator pre- 
sented to Harvard University in 1944, 
and its over-all productive capacity is 
far in excess of anything previously 
achieved. 

In many respects, the IBM Selective 
Sequence Electronic Calculator follows 
the pattern of man’s mind in perform- 
ing sequences of complex calculations. 


By means of a "central nervous sys- 
tem," the program devised by the 
scientist for solution of a problem 
automatically directs the sequence of 
operations, selects the proper numbers 
from the various memory units or 
from the reference tables, directs them 
to the calculating unit, guides the cal- 
culating processes and routes the re 
sults back to their proper places in 
the memory unit. When the desired 
results are obtained, the program di- 
rects the machine to record them. 
The high speed of calculation in 
this new machine is attained by elec- 
tronic circuits for computing and 
control. All the fundamental arith- 
metical operations that may be called 
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(Left) Schematic diagram shows number paths in IBM Selective Sequence Electronic Calculator. Units are not located in this physical 


order in actual machine. 
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(Right) General view 
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exterior styled in collaboration with Sunberg-Ferar, 


Detroit industrial des:gnets. 
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for in the processes of higher mathe- 
matics are performed electronically. 
Additions, subtractions, multiplica- 
tions, divisions, shifting columnar 
relationships of numbers, and round- 
ing off results to the required number 
of digits are all performed without 
the use of moving parts. 

The great masses of numerical data 
and instructions used in complicated 
roblems are fed into the machine 
automatically at high speed. Facilities 
are provided for assembling this ma- 
terial automatically from various 
sources within the machine and for 
sorting, checking and arranging it in 
the most efficient order for solution 
of the problems. 

The memory capacity far exceeds 
that of any other calculating machine 
—a total of nearly half a million 
digits. It can remember this number 
of digits and recall them automatically 
as required. Those to be recalled most 
quickly are held in electronic circuits, 
and the remainder, recoverable as 
rapidly as they are needed, are stored 
in relays and as holes in continuous 
cardstock tapes. And by using punched 
cards as a supplementary medium of 























TEN TIMES FASTER than any camera 
previously made, a shutterless motion 
picture camera that takes pictures at 
rte of 11 million per second has re- 
cently been designed by Dr. Brian 
O'Brien, Director, and Gordon G. 
Milne, Research Associate, the Roch- 
ester Institute of Optics, University of 
Rochester. 

When a motion picture of a rifle 
bull, taken during a flash of light 
lasting 1/5,000 sec, is projected on a 
Xreen at the usual speed, it requires 
1 min to show 1 in. of movement. 

Exposure by conventional means at 
speeds of several million frames per 
second would require film movement 
through camera at 20 to 50 times bul- 
lt velocities. If, instead, film is 
stationary and image is caused to move 
y rotating mirrors, total number of 
frames and total duration of motion 
picture become limited. 

_ These difficulties are avoided if the 
mage of the rectangular picture is 
broken into a series of very narrow 
tips by image dissection techniques. 
À number of small identical lenses 
ae mounted side by side, with a line 
joining their centers slightly inclined 
‘tom the horizontal as in the lower 
part of diagram. Each lens forms a 
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Fastest Camera Aids High Speed Studies 


storage, the memory capacity is made 
almost limitless. 

Programming facilities have been 
made so automatic that the operator 
need give no more than general in- 
struction to carry out comparatively 
long sequences of operations. 

Results can be recorded in either 
or both of two ways at high speed. 
One is in the form of printed records 
which are obtained at the rate of 24,- 
000 digits a minute. The scientist 
can follow the progress of a computa- 
tion and modify his program in the 
light of the results as they are derived. 
This will be of particular advantage 
because this new calculator will be 
devoted largely to research problems 
in which calculations cannot be com- 
pletely planned in advance. The sec- 
ond means of recording results is in 
the form of punched holes in cards 
for automatic use at a later time either 
by the calculator itself or by other 
devices. For example, during a cal- 
culation it is not necessary to decide 
what results are to be saved or pub- 
lished, or in what form. Provision is 
made for later automatic printing from 
selected machine records. 


separate image of a distant event, and 
these images appear as a flight of steps 
shown in upper part of diagram. When 
received on a metal plate containing 
a truly horizontal slit, the slit picks 
up top of picture from first image, 
a strip next below from second image, 
etc. Since all images are alike, the 
various parts of the slit from left to 
right carry the equivalent of one com- 
plete picture. This camera uses 15 
lenses to dissect the image. 

The single long and narrow strip 
made of dissected elements of original 
picture is imaged on negative film as 
a line so narrow that it is less than 
the resolving power of the film itself. 
The film is driven past this line image, 
and in a direction perpendicular to 
the line, at a speed of 400 fps. This 
is done by placing one turn of film 
on inside of a shallow rotating drum 
where it is held in position by centrif- 
ugal force 16,000 times gravity. 

The narrow strip image is drawn 
into a streak, by the moving film, and 
variations in photographic negative 
density at any place across this streak 
contain all the elements of a complete 
rectangular picture for the instant of 
time represented by position along the 
streak. Negative films need move by 
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showing dissecting 


High-speed : 
lenses at top and film rotating drum at cen- 
ter. Drum mounted on driving motor shaft. 


camera 






Multiple lens system for dissecting picture 


image showing (below) inclination of 
lenses and (above) strip position across 
lens images in the world’s fastest camera. 


only the width of the narrow slit image 
to produce a complete new frame of 
the original rectangular picture. Since 
the camera is shutterless, the motion 
of the film produces a blurring of the 
image, but this blurring is limited to 
the width of the slit. 

After processing the negative must 
be reconstructed into the original rec- 
tangular picture by projection back 
through an optical system similar to 
that which formed it. This is done 
by an automatic p printer 
that produces an ordinary 16 mm pic- 
ture print that can be run through an 
ordinary projector. Negative is en- 
larged ten-fold in printing to 16 mm 
size. Film grain imposes a limita- 
tion on picture quality but pictures 
are adequate for scientific study. 

The portable camera weighs 60 
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pounds and can be used with non- 
luminous or self-luminous objects. It 
will be used in industrial research and 
in study of high explosives, electrical 
discharges, shock fronts and extremely 
rapid motion in jets and projectiles. 


Television Programs Recorded 
By Motion Picture Camera 


A 16 MM MOTION PICTURE CAMERA 
for recording television programs on 
film has been developed by the East- 
man Kodak Company. The new 
camera produces movies directly from 
the face of the monitoring "picture 
tube" in television broadcasting. 

The camera takes pictures at the 
rate of 24 frames a second. Sound 
is recorded separately. 

Main uses of the new camera in 
television broadcasting will be: To 
enable the recorded programs to be 
reused by the sponsor for institu- 
tional public relations and advertis- 
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ing; to record transmitted programs 
that go out on the air. This might 
be important for legal purposes. 

Another possible major use, still 
in the experimental stage, is in a 
television “film network." 

Basic camera design features of the 
camera include: A 1,200-foot film 
magazine that permits continuous re- 
cording of a half-hour program; 
separate, synchronous motor drives for 
the shutter and film-moving mechan- 
isms; a coated f 1.6 lens of 2 in. focal 
length. 

The double-chamber magazine is 
a unit housing both the unexposed and 
the exposed film. It may be readily re- 
moved from the camera. 


Atomic Physics Division 


at Bureau of Standards 


A DIVISION OF ATOMIC PHYSICS has 
been formed at the National Bureau 
of Standards to group activities relat- 
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ing to atomic and molecular physics. 

Functions of the new division are 
promotion of fundamental fact find. 
ing research and precise determina- 
tion of important fundamental stand- 
ards in the fields of atomic physics. 
This research will be applied to es- 
tablishment of primary and secondary 
standards of reference; for example: 
Calibrated sources of radiation, meters 
for dosage, and calibration of instru- 
ments used in atomic physics studies, 
The division is also responsible for 
development of protective and safety 
codes for reduction of industrial haz. 
ards arising from new applications of 
physics, and for study of materials 
and equipment. 

Six sections make up the new divi- 
sion: Spectroscopy, Electronics, Mass 
Spectrometry, Radioactivity, X-Rays 
and Atomic Physics. The sections are 
pursuing individual research projects 
under direction of Dr. E. U. Condon, 
Bureau’s director, who has assumed 
charge of the new division. 


James McGraw, Sr. 


FOUNDER of the McGraw-Hill Publishing Company, 
James H. McGraw, Sr. m away on February 21. 
1948, in San Francisco, € alif., at the age of 87. 

One of the leading figures in the publishing field 
and dean of industrial publishers, Mr. McGraw based 
the expansion of his publishing activities on the five 
major engineering professions and industries allied 
with them. 

Mr. McGraw was born on December 17, 1860, in 
Panama, Chautauqua County, New York. He at- 
tended the State Normal School at Fredonia, and at 
the same time, taught at a district school. When 
Chautauqua County friends started “The American 
Journal of Railway Appliances” and purchased a little 
paper called “Stream”, the temptation was too much. 
He made the decision which was to change the entire 
course of his life. But at the height of his career he 
said, "I believe I would have loved teaching better 
than publishing.” 

At any rate, he left his country school house to 
make his fortune in New York by selling subscrip- 
tions. By the summer of 1886, the company owed 
him $1500, with no prospects for payment. Borrow- 
ing $1000 from James Knapp, a wealthy Quaker 
farmer of Chautauqua County, who had known him 
when he was a boy, Mr. McGraw took stock for that 
amount as well as for the $1500 due him, and thereby 
became a vice-president of the little publishing house. 
That marked a turning point, for two years later the 
company paid a 10 percent dividend. 

By 1901, he had acquired “Electrical World” and 
“Electrical Engineer,” later consolidated as “Electrical 
World.” He later adc led "Eng! Record," 
"Chemical and Metallurgical Engineering,” and 
Electrical Merchandising." 


Upon the death in 1916 of John A. Hill, who had 


neering 
leering 


left an engine throttle in the Far West to come East 
and work on a locomotive paper, the McGraw Pub 
lishing Company acquired the Hill publications 
thereby adding “American Machinist,” “Power,” 
‘Coal Age,” “Engineering News,” and “Engineering 
and Mining Journal” to the group. "Engineerin 
Record" and "Engineering News" were combined, 
and the McGraw-Hill organization began with nine 
national publications. 

Mr. McGraw resigned on Dec. 27, 1935, as chair- 
man of the Board of Directors, when his responsibili 
ties were taken over by his son, James H. McGraw, 
Jr., who assumed the presidency and chairmanship 
of the Board. 
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a mica block mounted on the chuck 








MECHANICAL SPLITTING OF MICA, à 
mineral which has excellent insulating 
and heat-resisting qualities and is used 
to separate condenser plates, insulate 
electrode elements of vacuum tubes and 
for many other electrical insulating 
purposes, has been developed at the 
National Bureau of Standards. It is 
a much more feasible means of produc- 
ing thin films than the tedious hand 
method commonly employed. The 
mica splitting machine developed by 
D. W. Kessler and R. E. Anderson, 
of the Bureau of Standards, promises 
to speed up the process considerably 
and will greatly reduce the period re- 
quired to train skilled splitters. 

Because of common mica imperfec- 
tions such as waviness or unequal spac- 
ing of cleavage planes, no precise con- 
trol of film thickness has been ob- 
tained. With a gage setting for 2 mil 
films a large percentage of the splits 
will be near the desired thickness, but 
occasional films may vary as much as 
50 percent. The quality of the ma- 
chine split films compares favorably 
with that of hand-split film. 

The machine starts thin sheets by a 
sharp point entering one edge of the 
mica block. The operator places a 
block on the chuck and turns it under 
the splitter. The master valve at the 
‘enter of the turntable connects the 
chuck to the vacuum line to hold the 
block in position while it is being 
split. i 

On traveling forward, a carriage 
moves the chuck a short distance, caus- 






































Ng the splitter gage to raise a film 
t m As the carriage returns to 
S starting position, two stripper 





lades pass under the raised film to 


*parate it. from the block. At this 
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National Bureau of Standards 


MICA SPLITTING MACHINE developed at the National Bureau of Standards showing 


ready 


for shifting under the accurate splitter. 


Mechanical Mica Splitter Developed at Bureau of Standards 


the free end of the conveyor 
moves down near the loosened film 
and draws it to the belt which carries 
it to a receptacle. 

When one chuck is shifted into the 
splitting position, another comes be- 
fore the operator which, when loaded, 
is ready for shifting. Since the turn- 
table locks each time a chuck is in the 
splitting position, the operator must 
unlock the latch on his left, hoist the 
carriage tracks with a foot pedal, and 
shift the newly loaded chuck until it 
locks under the splitter. 


stage 


——————————————————————————— 





CHEMICAL SOCIETY PRESIDENT—Dr. 


Charles A. Thomas, executive vice-president 


ind technical director of the 
Chemical Co., St. Louis, Mo., took office 
as president of the American Chemical 
Society in January. Dr. Thomas, Project 


Director of the Clinton Laboratories, Oak 


Monsanto 


Ridge, Tennessee, and active in catapult 
rocket development, will receive the 1948 
gold medal for achievement from the 
American Institute of Chemists this year. 


1948 


S + + + + 


Metal Films Applied 
Continuously By Evaporation 


CONTINUOUS COATING OF SHEET MA- 
TERIALS with metallic films by an 
evaporation process has been recently 
developed by National Research Corpo- 
ration, Cambridge, Mass. While such 
metals as aluminum have long been 
applied to the surface of glass or other 
material by batch methods, their quick, 
continuous application to continuous 
rolls at high speeds has not been prac- 
tical until now. Aluminum, silver, 
gold, zinc, copper and other metals 
can be applied to papers, textiles, and 
various plastic sheets at linear speeds 
of hundreds of feet per minute. 

Because of the extreme thinness of 
the film, the flexibility of the base 
material is not affected and the mois- 
ture vapor transmission is reduced. 
Adhesion varies with the type of mate- 
rial. Finish is limited only by that 
of the base and on polished surface 
brilliance exceeds that of foil. 

The process is now in a stage of ad- 
vance pilot plant operation and is 
estimated to be more economical than 
rolling foil for similar applications. 

At present, the process is used in 
decorative materials of great variety— 
wrapping papers, ribbons and novelty 
fabrics. It is believed that functional 
packaging applications can be devel- 
oped. Various electronics uses have 
also been tested. (Capacitors or con- 
densers formed from zinc-coated paper 
have self-healing qualities that promise 
long life to such units. 


Parachute Enables 
High-Speed Bail-Out 


PILOT SAFETY DURING HIGH-SPEED 
JUMPs has been increased by a new 
parachute designed at the Navy Para- 
chute Experimental Unit, Naval Air 
Station, El Centro, Calif. Research in 
problems of escape from fast moving 
aircraft is directed by the Airborne 
Equipment Division of the Bureau of 
Aeronautics. 

This parachute has a standard can- 
opy with a 6 ft dia moveable “cap” 
in the center. Under high stresses, the 
cap extends on elastic cords and spills 
air. Securing loops prevent cords from 
stretching more than 18 inches. As 
the chute slows, the cap gradually 
closes and rate of descent 1s decreased. 

During tests, the parachute is 
dropped in a dummy bomb. After 
falling a short distance, parachute un 
furls and bomb becomes test weight 
Tests have been completed at speeds 
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to 473 mph, compared with a maxi- 
mum speed of 239 mph for present 
personnel parachutes. 

High-speed parachutes will be neces- 
sary even though fighter planes have 
been designed with pilot ejection seats 
or ejectable capsules (see PRODUCT 
ENGINEERING, Jan 1948, page 150). 
Parachutes designed by two private 
contractors have been tested up to 385 
mph; one contains mesh sections and 
the other is a variation of German 
"ribbon" chute. 


Photo-Memory Unit Developed 
For Navy Electronic Computer 


A “PHOTOGRAPHIC MEMORY” UNIT 
developed for use by the Navy in a 
large electronic calculator has been 
announced by the Eastman Kodak 
Company. The unit when completed 
will be able to "read" and "memo- 
rize” mathematical data at a speed 
of one thousand numbers of 12 digits 


AUTOMOTIVE, AIRCRAFT and many 
other industrial applications were de- 
scribed at two important plastics con- 
ferences held recently in Chicago and 
Detroit. Indicating use of new and 
accepted plastic materials by design 
engineers, applications were exhibited 
at the low pressure industries meeting, 
Society of the Plastics Industry, at the 
Edgewater Beach Hotel, Chicago; and 
at the annual conference of the Society 
of Plastics Engineers, held at the 
Rackham Memorial, Detroit. 


REINFORCED PLASTICS 


Reflecting the changing attitudes of 
of the “low pressure” division of the 
plastics industry, a proposal to change 
the name of this group to the Rein- 
forced Plastics Division was put before 
the meeting. Several reasons were ad- 
vanced for this suggestion. One, was 
the evident shift of products from the 
decorative and novelty class to ac- 
cepted industrial components. The 
second, and possibly more important 
reason, was the use of “high pressure” 
methods in this industry. The interior 
panels of the DeSoto suburban station 
wagon was produced by the Briggs 
Mfg. Co. (see “Recent Developments 
in Plastics and Rubber", PRopucrT EN- 
GINEERING, April 1947) by a combi- 
nation of low pressures and high 
pressure molds. 

In the exhibit held concurrently 
with the technical meeting, a wide 
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each every second. 

The device Kodak is building in 
Rochester will be part of an electronic 
computer being — c by the 
Massachusetts Institute of Technology 
at Cambridge, Mass. Supervision of 
the calculator and memory projects 
is under the Special Devices Center 
of the Office of Naval Research, 
Sands Point, Port Washington, L. I. 

Key to the memory is the use of 
spots. They are clear and opaque 
rectangles, about 0.01 in. square, re- 
asi on strips of film. These spots 
representing digits will come either 
from the calculating machine or from 
a hand-operated keyboard. Then 
these adian, such as the results of 
complicated mathematical computa- 
tions, will be recorded (‘‘memo- 
rized”) on the film. 

The electronic calculator will con- 
trol and present information in the 
form of spots of light on the face of 
a cathode-ray tube. This tube re- 


Industrial Applications Feature Midwest Plastics Meetings 


variety of industrial components were 
shown. Electrical sircralt. parts, and 
aircraft forming tools, molded of glass 
cloth and mat with polyester resins 
were shown by Lawrence Wittman of 
the Republic Aviation Corporation. 
Laminated Plastics Inc., Cleveland, 
exhibited a series of bus and train 
coach seat parts, also molded of glass 
cloth and special "low pressure resins". 
The same company showed a series of 
electrical parts—a motor armature coil 
support, dc motor computator cap, an 
armature end punching, and a dc field 
coil bobbin. 

Of special interest to both the plas- 
tics and the automobile industry, was 
the sun visor for the new Studebaker, 
made of glass fiber mat and polyester 
resin. This was developed by Dr. Ray 
Nelson, Naugautauck Division, U. S. 
Rubber Company. Molded in metal 
dies, and using contact pressure only, 
the piece showed unusual rigidity. The 
extremely glossy finish and light 
weight of the part also offered advan- 
tages to automobile manufacturers. 
In the same field, automotive fender 
skirts, of glass fiber and polyester 
resin, were molded by the Bolen Mfg. 
Co., San Francisco. 

Reinforced plastics were also used 
for many aircraft parts. Shown by 
Zenith Plastics, Los Angeles, were a 
window frame for a new Douglas air- 
liner, an air duct, an antenna mast, 
and stabilizer fin tips for a new Lock- 
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sembles the viewing tube of a tele- 
vision receiver. A special camera, 
meanwhile, will photograph each pat- 
tern of spots as it is produced by the 
moving electronic beam within the 
tube. Thus the numbers are perma- 
nently recorded. 

Conversely, after the film has been 
speedily developed, the unit will be 
able to supply ("read") the informa- 
tion back into the calculator for fur- 
ther computations. The unit will 
move the developed film through an 
optical system. This will project the 
recorded data onto photo-electric 
tubes. These tubes, in turn, will 
supply electrical signals—correspond- 
ing to the numbers on the film—to 
the calculator. 

For auxiliary use with the unit, 
the company will build an apparatus 
to convert automatically the informa- 
tion recorded on film into tables of 
numbers and graphs suitable for 
direct studying. 






heed airplane. The Glenn L. Martin 
Co. exhibited a wide variety of interior 
aircraft parts made of honeycomb 
cores faced with plywood. Of particu. 
lar interest was a door section made 
for the Grummann Mallard. 
Technical progress in the low pres- 
sure industry was described in several 
papers. Dr. F. L. Minnear, Shellmar 
Products Corp., spoke on "Evaluation 
of Thermoset Laminated Sheet Prod- 
ucts." This talk did much to reinforce 
the idea of tying together the low and 
high pressure laminating industries. 
After describing the early phenolic 
laminates, Dr. Minnear discussed the 
polyester, styrene copolymers and me- 
lamine laminates. Phenolic resins are 
predominantly used in the high 
strength, high pressure laminates. 
However, they are limited by their 
dark color. Melamine resins, although 
relatively high in cost, give a wide 
range of decorative shades. Polyester 
and styrene copolymer resins are most 
used in the low pressure and contact 
pressure methods, because of their in- 
herent chemical ability to set up. Mr. 
W. Burdette Wilkins, a consultant of 
Ridgewood, N. J., discussed the eco- 
nomics of reinforced plastics. Mr. 
Wilkins listed the general types of 
articles which lend themselves to low 
pressure molding: Large articles to be 
produced in small quantities; parts 
with compound curves, or parts fe- 
quiring high strength, low weight, di- 
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electric strength or weather resistance 
superior to metals, or high-production 
plastics. 


PLAsTICS ENGINEERS 


The annual meeting of the Society 
of Plastics Engineers gave abundant 
evidence that engineering and research 
techniques in this industry are rapidly 
maturing. Engineering applications in 
the automotive industry were de- 
scribed by W. M. Phillips of the Gen- 
eral Motors Corporation. Mr. Phillips 
said that about a hundred plastics 
parts weighing about five pounds were 
used in the average automobile. The 
trend is continuing, and Mr. Phillips 
noted that vinyls and polystyrene are 
improving their position in this re- 
spect. Also promising is the use of 
plastic "envelopes" in stamping opera- 
tions. In addition, certain laminates 
are being introduced, and show prom- 
ise of replacing several steel parts. 
Nylons and other plastics show in- 
creasing promise for use in upholstery. 

An original research study, showing 
a mathematical approach to the sub- 
ject, was presented by Professor A. H. 
Dietz of the Massachusetts Institute 
of Technology, in his talk on stress- 
time relations in plastics. Professor 
Dietz reviewed the classical theories 
and mechanical analogs of the be 
havior of visco-elastic materials as a 
function of time. To apply these 
theories to plastics, testing equipment 
was developed to provide control over 





HEADS PLASTICS ENGINEERS—J. H. 
u Bois, executive engineer of the Shaw 
Insulator Company, Irvington, N. J., was 
elected president of the Society of Plastics 
Ngineers, at its annual meeting in Detroit. 
Mr Du Bois is an active member of the 
Plastics industry, having been formerly asso- 


Clated with the plastics division of the 

neral Electric Company. He is the author 
of two books in this field: “Plastics”, and 
Plastics Mold Engineering’. 
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rates of crosshead, load application 
and rates of either ordinary strain or 
true strain. Professor Dietz described 
the servo controls, special fixtures such 
as self-aligning locking jaws for re- 
versed tension-compression cycles, and 
methods of using extensometers to 
control the motion of the machine. 
Using this equipment and plastics of 
various types, from hard and rigid to 
soft and extensible, typical stress-time 
relationships were presented. 

A physical and mathematical analy- 
sis of plastic flow was presented by 
James Bailey of the Plax Corporation 
in a talk on stretch orientation of poly- 
styrene. Mr. Bailey pointed out that 
stretching produces the greatest 
strength in the direction of stretch, 
and is useful only in monofilaments. 
Large sheets require bilateral strength. 
Compression molding can produce 
sheets that are tough in two directions 

therefore weak in one direction. 
Longitudinal stretch produces a reduc- 
tion in the coefficient of expansion 
and great optical virefringence. Polar- 
ascopic audis of strains showed that 
hot stretching can produce ten times as 
much virefringence as rupturing stress 
at room temperatures. Equal bilateral 
stretching produces no strain. 

A new research method for study- 
ing the degradation of plastics was 
described by F. W. Reinhart, National 
Bureau of Standards. The object of 
the method is to determine the specific 
chemical reaction involved in the deg- 
radation of the plastic and how these 
reactions are affected by the intensity 
of environmental conditions. This 
method assumes that physical changes, 
observed visually and in tests, result 
from changes in the chemical structure 
of the resin and from loss and changes 
in the compounding ingredients. If 
true, application of this method should 
be an absolute check on the resistance 
of any given plastic material to mois- 
ture, heat, and other environmental 
conditions. 

Other talks of interest to design en- 
gineers included: ‘‘Styrene Polymers 
and Copolymers for Industry” by R. 
Fordyce, Monsanto Chemical Co.; 
"Industrial Uses for Nylon”, by J. E. 
Teagarden, E. I. duPont de Nemours 
& Co.; “The Theory of Colorimetry 
and its Application to Color Stand- 
ardization", by Miss E. Dolton, Inter- 
chemical Corporation; “Phenolic Res- 
ins in Synthetic and Natural Rubber", 
by Jay Searer, Durez Plastics and 
Chemical Co.; and "Glass Bonded 


Mica in Molded Ferm” by Dr. F. L. 
Yerzley, 
America. 


Mycalex Corporation of 
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MEETINGS 


March 1-4 

AMERICAN SOCIETY OF MECHAN- 
ICAL ENGINEERS—Spring Meeting. St. 
Charles Hotel, New Orleans, La. 


March 3-5 
SOCIETY OF AUTOMOTIVE ENGI- 
NEERS—Passenger Car and Produc- 


tion Division Meeting, Hotel Book 
Cadillac, Detroit, Mich. 


March 4-6 

OPTICAL SOCIETY OF AMERICA— 
Annual Winter Meeting, Hotel Penn- 
sylvania, New York, N. Y. 


March 22-24 

CHICAGO TECHNICAL SOCIETIES 
Councit—Chicago Production Show, 
Hotel Stevens, Chicago, Ill. 


March 30-31 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS—Transportation Division Meet- 
ing. Hotel Bellevue-Stratford, Phila- 
delphia, Pa. 


April 5-8 

NATIONAL ASSOCIATION OF CoR- 
ROSION ENGINEERS—Annual Confer- 
ence and Exhibition, Jefferson Hotel, 
St. Louis, Mo. 


April 5-8 

SOUTHERN MACHINERY AND MET- 
ALS  ExPosrrioN— Annual Meeting 
and Exhibition, Atlanta Municipal 
Auditorium, Atlanta, Ga. 





April 13-15 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS—Aeronautic and Air Trans- 
port Division Meeting, Hotel New 
Yorker, New York, N. Y. 


April 15-16 

METAL POWDER ASSOCIATION 
Annual Spring Meeting, Drake Hotel, 
Chicago, Ill. 


April 26-30 

AMERICAN MANAGEMENT ASSO- 
CIATION—Annual Conference and 
Packaging Exposition, Public Audi- 
torium, Cleveland, Ohio. 


May 3-5 


INDUSTRIAL FURNACE MEG. AS- 
SOCIATION—-Annual Meeting, The 
Homestead, Hot Springs, Va. 

May 3-7 

AMERICAN FOUNDRYMEN'S ASSO- 
CIATION—Annual Meeting, Philadel- 
phia, Pa. 

May 3-14 
BRITISH INDUSTRIES FAIR—Spon- 


sored by Export Promotion Dept., held 
in London and Birmingham. 
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e Reproduces your engineering and architectural 


drawings in seconds 
photographic material. 


e Moderately priced... 


also your typed, printed, 


designed for the thou- 


sands of drafting rooms that want these 5 EXTRA 


VALUES in Printmaking at no extra cost 


1. EFFICIENCY! You alwavs get posi- 
tive (not negative) prints direct from 
your tracings... prints that are sharper, 
brighter, much easier for you to read, 
check, and make notations on. 


You produce these without waste of 
material or waste of motion. Your trac- 
ings can be up to 42 inches wide, any 
length ... and can be printed either on 
rolls of Ozalid sensitized paper or on 


cut sheets of matching size. 

Your prints are always delivered dry, 
ready for immediate use . . . after just 
two simple operations — Exposure and 
Dry Development. 


2. SPEED! ONLY 25 seconds to repro- 
duce your standard-size tracings, speci- 
fication and data sheets, etc. 


3. ECONOMY! An 8! x 11-inch re- 

production costs you one cent; 11 x 17 

inches, two cents...and so on. The 

Ozalid Streamliner soon pays for itself 
. in time, labor, and dollars saved. 


With it, you can also effect amazing 
short cuts in design. For example— 
eliminate redrafting when changing ob- 


166 


solete drawings... combine the details 
of separate tracings on one print... re- 


claim old or worn tracings ... make 
transparent overlays in different colors. 


4. VERSATILITY! You can reproduce 
the lines and images of any original in 
black, blue, red, sepia, or yellow... on 
paper, cloth, foil, film, or plastic. 


Simply use the Ozalid sensitized ma- 
terial you think best for job at hand; 
e.g., use identifying colors for prints of 
separate departments or operations... 
DRYPHOTO to produce beautiful con- 


tinuous-tone prints from film positives 
(which can be made from any negative) 


Gentlemen: DEPT. 36 


Please send New Ozalid Streamliner 
booklet . . reproductions 
of drawn, typed, printed, and photo- 
graphic material. No obligation. 


. containing 


Name 
Position 
Company 
Address 


. . OZAPLASTIC to produce oilproof, 
waterproof prints for shop or field use. 
All prints are made in same fast, eco- 
nomical manner. 


5. SIMPLICITY! NOW — printmaking is 
an easy desk job, automatic in practi- 
cally every detail, 


Anyone can feed originals and sensi- 
tized material into the Ozalid Stream- 
liner. Prints are delivered on top, 
stacked in order— within easy reach of 
the operator, who does not have to 
leave her chair. 

You can install your Streamliner 
anywhere; it requires only 11 square 
feet of floor space. 

Write today for free, illustrated book 
let... showing all the ways you can use 
the new OZALID STREAMLINER . . . and 
containing actual reproductions — like 
those you can make. 


OZALID 


DIVISION OF 
GENERAL ANILINE AND FILM CORPORATION 
Johnson City, New York 


Ozalid in Canada 
Hughes Owens Co., Ltd., Montreal 
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REFERENCE BOOK SHEET 


Charts for Designing Long-Short Addendum Spur Gears 


WAYNE H. BOOKMILLER 


Gear Engineering Division, General Electric Company 


ENLARGEMENT OF PINIONS to avoid undercutting the 
teeth or to increase their strength, or both, has become 
standard practice. 

The gear that mates with an enlarged pinion must be 
mounted at a greater center distance or must be reduced in 
diameter. The latter method is usually preferred. 

Gear sets made with long addendum (enlarged) pinions 
and short addendum gears can be designed so the beam 
strengths of gear and pinion are either equal or related by 
a fixed ratio. The family of curves in Fig. 1 shows the 
addenda necessary to have the same form factor Y for the 
pinion and gear. The actual addenda are found by dividing 
the curve values by the diametral pitch. 

Since the Y factor is based on the worst application of 
load, and a stress concentration factor K is included, the 


Addendum at which pinion tooth thickness at fip 


Lewis Equation as now used is; where 


Root Stress, psi 

Tangential driving pressure, lb 
Diametral pitch 

Face width, in. 

Stress concentration factor 
Form factor of tooth 


Pp X K 


FXY D 


The form factor Y and the stress concentration factor K, 
for use in Eq. (1), are found on Figs. 2 and 3 respectively. 
These curves apply to long-short addendum gear sets 
designed for equal Y factor pinions and gears. 

As an example of the use of Eq. (1) and Figs. 1, 2 and 


- 20 | 
cO Li 
| 


"VARIABLE ADDENDUM- | 


t++-+-++++.20° EQUAL Y FACTOR 





+ 


Qt + 


Addendum required fo. ' 
prevent undercutting 


— ——À- — + 


o 
Addendum = to 
Addendum mating gear = 3 


Whole depth, h, = 2.350/P_ 2 
Pressure angle, 2: 2 


O 
0.8! 
Tooth thickness, T Ose 


Addendum, a 


0.728 x 


D 
=.440/P. 


+ 
p 


Hob edge radius, r 


Number of | . 


Diametral pitch = P teeth in 


p 


— < 4 


\7 


_, Moting gear, | || 


40 50608085 27509 


Number of teeth 


J 
Propucr ENGINEERING Marcu, 1948 





PAR dae ld ari 


VETT 


7, 


NUT IE 


9$ Manufacturers of a wide variety of 


products are benefitting from Auto-Lite 
die cast research and experience. Solid 
engineering, advanced casting methods, 
proper alloying practices and improved 
quality through “controlled metals" have 
made Auto-Lite a logical source of pre- 
cision die castings. 

THE ELECTRIC AUTO-LITE COMPANY 

Die Casting Division 


690 S. Michigan Avenue . Chicago 5, Illinois 
723 New Center Building . Detroit 2, Michigan 


Tune in the Dick Haymes Show for Auto-Lite 
Thursdays, 9:00 P.M.—E.T. on CBS 


CASTING, MACHINING, FINISHING AN 
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| Addendum,o = (See Fig!) | Y-FACTOR FOR WORST | 
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3, consider the following gear set: a 0.850 " 
Gear addendum = cm 0.0425 in. 
Å Pinion . T 
Numb: r of teeth ; 28 E 
lametral pitch,.... ' 20 Gear tooth thickness — = — = 0.0715 in. 
Pressure Angle, deg | 20 20 
itch diameter, in. ae 1.400 ree Ww 
Speed, rpm w , . 20,000 i , 15 x 33,000 X 12 
1 


- » 7n nn ^ — 2 67.5 lb 
ace width, in.. 20,000» 27 X 0 7 
Orsepower. . 


0.740 (Fig. 2 K = 1.940 (Fig. 3 
- M Wr b 4 Pp x K 67 5 X 20 X l 94 
a l 150 pr à - - - = = — 
> 597 = 9.0575 in. Fx} 0.500 x 0.740 
D e 


la 
Pinion addendum = 





= 7,080 psi, for 
pinion 
The gear root stress can be calculated in a similar man- 


= 0 0825 in. ner and will be approximately equal to the pinion root 
stress. 


0.812 + 0.728 X 1.15 


Pinion tooth thickness = 20 
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Would your products look better, operate more efficiently, 
if they could be made lighter without sacrificing strength ? 

Chances are the answer is “yes.” And chances are good 
that you can do this job with Armco High Strength Stain- 
less Steels. The problem of using them effectively —with- 
out increasing ultimate costs—is usually one of proper 


design. 
USE OF STIFFENERS 


Sufficient rigidity can often be obtained with light sheets 
of Armco Stainless Steels by increasing section-depth, 
such as by corrugating. Where localized deflection is apt 
to occur, stiffeners like those shown here are often used 
to strengthen parts subjected to heavy stresses. 

These sectional shapes, welded or riveted to the struc- 
ture, prevent buckling and supplement the inherent high 
yield strength obtainable in specially processed stainless 
grades. They may take such forms as angles, channels, 


and hat-sections. 
OTHER SALES ADVANTAGES 


Strength by design has given more than one product a 
strong foothold in a highly competitive market. Combine 


this with all the other advantages of Armco Stainless 
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Steels— resistance to heat and corrosion, an enduringh 
beautiful finish, lasting customer appeal — and you have 
a powerful sales weapon. 


These excellent properties of ArMco Stainless Steels 


may be the means of improving your products, or those 
you are designing for the future. Let Armco's engineers 
work with you; and then you be the judge. Write The 
American Rolling Mill Company, 

198 Curtis Street, Middletown, 

Ohio. Or call our nearest district 

ofice or Armco Distributor. 


Export: The Armco International Corporation 
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NEW MATERIALS AND PARTIS 










Product Manufacturer Product Manufacturer 














Control. Unit, Amplidyne......General Electric Co.... .. ME Resin, Photoelastic .... Westinghouse Electric Corp 174 
Controls, Push-Pull ..........Southwest Products Co..... 178 Sample Changer, Shielded Tracerlab, Inc. .... 182 
Copying Machine, Photo......General Photo Products Co... ; 180 Seals, Molded Shaft. ..... Brummer Mfg. Corp... 180 
Dampers, Fluid Pulsation.....Equipoise Controls, Inc Es à 171 Socket, Industrial Tube.......American Phenolic Corp 182 
Electrolytics, Midget-Can......Aerovox Corp. ............. 178 Steel, Balanced Alloy Tool....Amalgamated Steel Corp 176 
Gage, Liquid Level........ Boston Auto Gage Co........ 178 = Stencils, Ellipse Drawing.. Rapidesign, Inc. . : 172 
Heater, Electric Cylinder......Edwin L. Wiegand Co........ 171 Switches, Time ..... .Sangamo Electric Co. 180 
Instruments, Midget .......... International Instruments, Inc... 180 Terminal Block, Conbinmica Curtis Devel. & Mfg. Co 172 
Mats, Ribbed Rubber......... Mid-West Development Co. . 182 Transmission, Auxiliary ......Fuller Mfg. Co.... 176 
Motor, Compact Induction. ...General Industries Co. . oh 174 Transmitter, Pneumatic ... Foxboro Co. ....... 180 
Motor, Ultra High-Speed. ....Bryant Chucking Grinder Co 180 Tubes, Heavy Duty Electron. ..Machlett Laboratories, Inc 172 
Motors, Midget Electric.......United States Instrument Corp. 176 Tubes, Radiation Counter. ....Amperex Electronic Corp 174 
Pulleys, Variable Pitch....... Gerbing Mfg. Co...... à O Turbine, Small Cooling.......AiResearch Mfg. Co 176 
Pump, Cartridge Hydraulic. ..Sundstrand Machine Tool Co. 182 Valve, Rotary Selector. ....... The Parker Appliance Co 171 


Relay, Versatile Precision. ....Cook Electric Co ars 174 Valve, Vacuum-Tight .. -Kinney Mfg. Co... 172 













disk provides relatively large filter surface that protects 
the indicator mechanism against shock, clogging and 
wear and permits accurate indication of changes in pres- 
sure. Specially designed disks are available for air, oil, 
water, mercury and other mediums. Maximum differen- 
tial pressure rating of the standard types is 500 psi 
although units can be supplied with ratings up to 5,000 
psi differential. The housing has either 3 or 3 in. threads, 
male at the disk end and female at the otber. 























ingly 
have à ý 
Electric Cylinder Heater 
Edwin L. Wiegand Co., 7535 Thomas Blrd., Pitts- 
burgh 8, Pa. 
The Chromalox cast-in-aluminum tubular electric heater 
has been especially designed for clamping to cylindrical 
surfaces. The unit provides uniform heat that is ideal 
for application to plastic extrusion and injection molding 
machines. It is applied to barrel or cylinder as two 
individual semi-circular units held together by clamping 
bands. A perfect fit, achieved by machining the inside Rotary Selector Valve 
diameter, minimizes hot spots and assures maximum con- : 
luction of heat to cylinder. The aluminum absorbs and 
distributes heat from the unit, making possible lower 


steels 
those 


neers 


The 


t 














The Parker Appliance Co., 17325 Euclid Are., Cleve- 
land, Obio 


> operating temperatures and longer heater life. Heater Selector valves of "balanced" design utilize line pressure 
diameters to fit various barrel diameters and temperature in sealing various combinations of as many as five separ- 
requirements are available. ate lines. Graphite sealing inserts are ground to a radius 


corresponding to the rotor cavity in the valve body. 


» Bonded to the inner side of each insert is a synthetic 
Fluid Pulsation Dampers rubber sac containing a light spring. As the insert is 

rotated over a port, the spring provides initial contact 

Equipoise Controls, Inc., 100 Stevens Ave, Mt. with the valve body. Additional pressure is supplied by 

Vernon, N. Y. line fluid that enters the sac by a hole drilled through 

Gage fluctuations caused by pressure pulsation and vibra- the graphite. This design is suited to all non-shock pres- 

tion can be smoothed out through the use of snubbers. sures up to 50 psi. For higher pressures, where the sac 

= This device comprises a threaded fitting containing a might be a limiting factor in corrosiveness and tempera- 
aw Porous, stainless steel disk i in. thick at one end. The ture, the spring alone is the sealing medium. Valves 
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can be furnished for hand or electric motor operation. 
Adaptable to chemical and process service, the valves 
will handle air, gases and liquids up to 500 F. Sizes 
from 3 to 1} in. are available in aluminum, bronze, stain- 
less or special alloy steels. 


Heavy-Duty Electron Tubes 


Machlett Laboratories, Inc., Springdale, Conn. 
The severe electrical and mechanical conditions encoun- 
tered in industrial RF heating and communications serv- 
ice can be withstood by a line of five specially designed 


electron tubes. Design characteristics that distinguish 
these tubes from existing types are: Heavy wall high 
conductivity copper anode, one-piece high conductivity 
copper grid and filament support terminals, filament 
spring design that minimizes bowing and increases fila- 
ment life, strong self-supporting grid for uniform elec- 
tron control, and special design glass contour that 
provides long leakage path and efficient cooling. Ratings 
of the tubes vary from 5 to 50 kw. All but one are 
available in both air and water cooled models. 


anda da da da dadada dadh 


“HTT 


Combination Terminal Block 
Curtis Development & Mfg. Co., 1 N. Crawford Ave., 


Chicago 24, Ill 
A feed-through terminal block that combines both screw 
and solder terminals is now available for sub-panel and 
chassis construction applications. Each terminal is 
mounted in bakelite and securely held in a metal strip. 
[he exact number of terminals desired from 1 to 16 can 
be specified as each block is factory assembled to meet 
specific requirements. The overall length of a 10-term- 
inal block is 7} in., with a height of 145 in., including 
screw and solder connections and a width of 1 inch. 
Ample clearance and leakage distances are provided for 
use in circuits Carrying up to 300 v, 20 amperes. 
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Ellipse Drawing Stencils 
Rapidesign, Inc., Glendale, Calif. 

A minimum of time is required in making ellipses with 
the four plastic template sheets contained in Ellipse Set 
Folio No. 401. Ellipse sizes are 33 to 23 in. major axes 
with a projection range of 20, 30, 45 and 60 degrees. 
Sizes and center lines are clearly printed on the negative 
side to prevent wearing off and to simplify selection of 
the proper ellipse. All edges on the 4} x 93 in. sheets 
are cut smooth to insure a neat, clean drawing. The 
reinforced folio keeps instruments clean and handy. 




































Disk 
holder 
/ 














Vacuum Tight Valve 


Kinne) Mfg. Co., Boston, Mass. 
Model 30 vacuum valve has been developed to overcome 
the corrosive action of vapors pene in mercury 
boilers, mercury arc rectifiers and many high vacuum 
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THE FAIRBAN 
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Here’s the industry’s newest electric motor, the most radical improvement in 
the design of standard rating 40-degree motors since their earliest days! 

The Axial Air-Gap Motor offers opportunities heretofore beyond reach of 

those designers interested in conserving space, reducing headroom, cutting 

weight—and in improving the appearance of their product. 
Write for Bulletin 2760—it has the information you'll be wanting. 
Fairbanks, Morse & Co., Chicago 5, Ill. 
* Air-Gap dimension is measured parallel to the axis of the shaft. 


Horizontal and vertical mountings; also, pivot base mountings. 
Polyphase squirrel cage and capacitor start, single phase types. 


A name worth remembering 


DIESEL LOCOMOTIVES + DIESEL ENGINES * STOKERS * SCALES + MOTORS + GENERATORS 
PUMPS @ RAILROAD MOTOR CARS and STANDPIPES è FARM EQUIPMENT ¢ MAGNETOS 
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Lighter! 


The Axial Air-Gap Motor has 
hundreds of applications ... 


PRESSES 


REDUCERS 


SHAPERS 


Ask your Fairbanks-Morse 
Electrical Expert! 
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systems using mercury diffusion pumps. The body is 
cast medium carbon steel with a high test iron cover. 
Bellows and disk holder are stainless steel and disk and 
sealing rings are silicone rubber. Design features include 
replaceable bellows assembly, large port and flow areas, 
gage connections on inlet and outlet sides of body and 
two body styles, one for screw or flange connections, 
the other for welded pipe connections. Both body styles 
are obtainable in 1, 13 and 2 in. sizes; 3 and 4 in. sizes 
are available for welded connections. 


Compact Induction Motor 


General Industries Co., Elyria, Ohio 


The RM-4 Smooth Power shaded-pole induction motor 
has been redesigned to meet the increased power require- 
ments of wire and tape recording units. Originally used 
for powering record changer and recording assemblies, 
the motor now has a bottom cover and locating device 
that insure rotor alignment. Dynamic balancing of the 
rotor provides freedom from vibration, noise and mag- 
netic field radiation and speciai emphasis has been given 
to cooling and lubrication. Maximum torque is 12 oz-in. 
when operating at 1720 rpm on 60 cycle a-c current. 
The unit is 33 in. square with an overall height of 
31 in. including bearing bushings. Drive shaft is 4^; in. 
OD and total weight is 4} pounds. 


Photoelastic Resin 

Westinghouse Electri Corp., 306 Fourth Ave., Box 

1017, Pittsburgh 30, Pa. 
A special process permits large sections of a photo- 
elastic resin of the Fosterite family to be cast for three- 
dimensional studies of "frozen stresses." ^ One piece 
measures 6 in. in diameter and 5 ft. long allowing produc- 
tion of sizes and shapes suitable for any kind of three- 
dimensional study. In the past, plastic models made of 
ordinary photoelastic resins have been limited to pieces 
1j in. thick. The resin is 35 percent more optically 
sensitive for "frozen stress" measurements than the 
standard material and does not fade in usefulness with 
time. Models are made up from the resin, heated, loaded 
and then cooled gradually to room temperature. When 
viewed through polarized light, the plastic replica shows 
vividly the location, direction and magnitude of stresses. 
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Versatile Precision Relay 
Cook Electric Co., Chicago 14, lil. 

The Hy-G miniature 400 cycle relay has been designed 
for optimum performance and is adaptable to a variety of 
contact combinations. The laminated magnetic circuit 
is so arranged that a very sharp rise in force occurs just 
before the armature seals in. Maximum stability under 
vibration and shock conditions is thus assured. Operating 
voltage range is from 25 to 400 v and the volt-ampere 
effeciency is high. Coil is impregnated with a silicone 
compound and heat is conducted through copper bars to 
radiating fins. Spring assemblies are arranged in two 
pile-ups, one on each side of the actuating bars, assur- 
ing balanced armature pressure. The relay is regularly 
furnished either with a plain mounting or Stratopaxed. 
The latter encased unit measures 3 x 2} x 23 inches. 


Radiation Counter Tubes 
Amperex Electronic Corp., 25 Washington St., Brook- 
lyn 1, N. Y. 
The mica window of radiation counter tubes is being 
sealed to chrome iron cathodes by a special process that 
permits uniform quality in volume production. No 
gaskets or organic waxes are necessary and overall tube 
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Thousands of finish formulas have been developed by the Advance Paint Company 


to meet specific production needs in the industrial finishing field, and Advance 


can develop for you the exact finish your job requires. 


No matter what you are building ... washing machines, lathes, stokers, farm 
machinery . . . anything made of metal... Advance finishes are custom-formulated to your 
individual specifications. There is an Advance metal or wood finish for every 
industrial need, the result of a half-century devoted to the solution 


of industrial finishing problems. 


Smooth flowing and quick-drying Advance finishes are adaptable to 
flexible production-line operation. Advance technicians will recommend 


the proper finish for your product. 


Manufacturers of Industrial Finishes 
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dimensions can be a minimum for any given window size. 
A special construction permits enclosure of the exhaust 
tip in a cap of standard dimensions. The beta, X-ray 
gamma series of tubes, illustrated, embodies these 
improved techniques. Included in this group are self- 
quenching counters with operating voltages as low as 
250 v and others so completely temperature insensitive 
that operation in the range from —70 to + 120 C is 
permissible. Tubes with halogen fillings are also avail- 
able. The absence of organic quenching vapors gives 
these tubes an almost unlimited life expectancy. 






































Auxiliary Transmission 

Fuller Mfg. Co., Kalamazoo, Mich. 
Model 3-T-92 three-speed auxiliary transmission offers 
in a single unit, all of the advantages normally provided 


by auxiliary transmissions with top-mounted power take- 
off, and at the same time minimizes the inherent weak- 


nesses of this combination. For rigidity and strength the 
power take-off gears and shaft are built directly into the 
transmission case where the section of the casting will 
permit the application of full engine torque. The ratios 
available form the power take-off vary with the direction 
of rotation of the shaft. When turning in the same 
direction as the input shaft of the auxiliary transmission, 
the ratio is 1.175 to 1. When rotation is in the opposite 
direction, the ratio is 1.345 to 1. Projections at each 
end of the power take-off shaft permit coupling of 
flanges or sprockets bored to 13 in. ID and keywayed 
for a 4, x g in. straight key. 


Balanced-Alloy Tool Steel 


Amalgamated Steel Corp., Newburgh Mill District, 


Cleveland 5, Ohio 


Tool Room Specialty Steel has high resistance to wear and 
exhibits unusual toughness and strength with ductility to 
resist fatigue. This general purpose material can be 
quenched in oil, water or salt bath making it possible to 
achieve nearly all degrees of hardness. Heat treatment 
will not produce cracks in the metal and it can be welded 
or nas Parts machined from this steel have satisfac- 
tory finish characteristics. Stocks are available in flats, 
rounds, squares, hexagons, octagons and billets of various 


SIZCS. 
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Midget Electric Motors 
United States Instrument Corp., Electroter Div., Sum- 
mit, N. J. 

The "gap-ring" armature used in Electrotor midget elec- 

tric motors permits the production of assemblies of 45, in. 

length and diameter weighing less than a gram. Type 

240, illustrated, is the smallest of three larger models that 

have practical application to mechanical toys, motion 

picture cameras and projectors, air conditioning units, 
electric shavers and radio-controlled devices. Conven- 
tional commutator and segmentary winding are replaced 
with a "gap-ring" armature winding mounted on a bob. 
bin and spindle that rotates within a permanent ring mag. 
net. The armature can be considered a horse-shoe 
electromagnet in which broken iron rings form the core 
and the winding, the magnetic coil. A small dry cell 

battery energizes the coil. Type 240 operates at 5,000 

rpm on 3 to 44 v, measures 9/16 in. in width and 7 in 

in diameter and weighs $ ounce. 




































































Small Cooling Turbine 
AiResearch Mfg. Co., 9851 Sepulveda Blvd., Lo 
Angeles, Calif. 


A small turbine refrigeration unit, weighing less than 
5 Ib, has been produced for cooling the interiors of je 
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Why Designers Select CRANE... 
the Complete Piping Line 


SOURCE OF SUPPLY 
RESPONSIBILITY Flow control equipment is so important to successful design 
STANDARD OF QUALITY that it pays to be sure. Wherever piping is used, you can pro- 
tect the operating efficiency of your design by specifying Crane. 


You can get valves, fittings, piping accessories and pipe for 

























every need ... all from this one complete source of quality 
equipment. One catalog gives you the world's most complete 
selection and specifications of brass, iron, steel or alloys. 

When Crane takes the responsibility for supplying all your 
piping equipment, it means simplified buying, easier store- 
keeping ... and piping assembly work is more likely to go 


smoother and faster. 


— Buyers, too, know that Crane materials give your product 

elec. added value. They know that Crane Quality is high quality... 

r in. unsurpassed for more than ninety years. 

ype i : : -—- imn - 

that Crane Co., 836 S. Michigan Ave., Chicago 5, Ill. 

* “Quik-Temp” heating i . : 7 

UON É and drainage system, by Branches and Wholesalers Serving All Industrial Areas 

imits, Fred H. Schaub Engi- 

iven- neering Co., Inc, 

laced 

bob- 

mag- 

shoe 

core 

cell 

| .000 

2 

Z in. 
FOR SEDIMENT SEPARATORS to 
protect the seats of automatic 


valves and other flow control 
apparatus, see pages 422 and 
423 of your Crane Catalog. 
Choose from vertical screen 
and Y-pattern types, iron 
and steel, in sizes up to 
12-in., for working pressures 
( up to 600 bounds steam. Sup- 

x plied with screen of mesh and 
zg material best suited for specif- 


E 


à ic needs. Crane high-efficiency 
SEDIM ENT design allows easy clean-out 
| SEPARA ed and replacement of screen. 
hs omes s g^ 





Mm EVERYTHING FROM... 


Los VALVES * FITTINGS 
PIPE + PLUMBING 


than AND HEATING 
f jet FOR EVERY PIPING SYSTEM 


L 
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propelled planes. Using compressed air as the only 
source of power, the turbine can drop air temperature 
135 F at 7 Ib per min air flow. In combination with an 
113 Ib heat exchanger, the unit will create a 500 F tem- 
perature drop. Only moving part is the rotor that 
includes fan and connecting shaft. Rotor revolves at 
speeds in excess of 100,000 rpm and will withstand a 
maximum speed of 140,000 rpm. Wind velocities within 
the unit have been observed up to 800 miles per hour. 


Midget-Can Electrolytics 
Aerarox Corp., New Bedford, Mass. 

Twelve high-capacitance low-voltage units have been 
added to the Type PBS midget-can Dandee line of elec- 
trolytics. The new units are used in electric fence 
assemblies and in other applications requiring very high 
capacitance at low voltages. Standard Dandee construc- 
tion is used throughout: hermetically-sealed metal can, 
generous-length tinned wire leads and center mounting 
strap. The low voltage ratings are—6, 12, 15, 18, 25, 
50 v d-c working; high capacitance ratings are— 100, 250, 
500, 1,000, 1,500, 2.000, 3,000, 4,000 microfarads. 


Push-Pull Controls 


Southwest Prod fy Ce 
Calm. 


, 10 S. Catalina St., Pasadena 1, 


Absolute manual remote control of mechanical, hydraulic 
or other devices is provided by a line of push-pull con- 
trols. Three types are available: (1) light duty—$ in. 
OD rigid housing, load range to 1,250 Ib ultimate com- 
pression; (2) heavy duty—7/16 in. OD rigid housing, 
load range to 1,650 lb ultimate compression and (3) 
extra heavy duty—} in. OD rigid housing, load range to 


3,050 Ib ultimate compression. The moving element 
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comprises a flexible tinned aircraft cable over which a 
series of steel or stainless steel spherical shells are strung, 
as shown in cut-away portion of the illustration. Stand. 
ard “O” rings seal both ends of the aluminum or stain. 
less steel housing. A bend radius of 2 in. allows for 
case of installation under almost any condition. 


Variable-Pitch Pulleys 

Gerbing Mfg. Corp., 154 E. Erie St., Chicago 11, Ili. 
Roto-Cone variable-pitch pulleys are designed around a 
double rack and pinion mechanism that keeps movement 
of the two sheave faces equal and opposite at all times 
A single spring provides the necessary pressure for proper 
belt tension. As a constant belt centerline is maintained, 
V-groove driven sheaves can be used. Electronic balanc- 
ing of the complete assembly during manufacture reduces 
operational noise and wear. Horsepower ratings vary 


from } to 73, speed variations within a 3 to 1 ratio. 


Liquid Level Gage 
Boston Auto Gage Co., Pittsfield, Mass. 


Developed for indicating the level of insulating liquid 
in transformer tanks, this gage utilizes two General Elec- 
tric sintered alnico 2 permanent magnets. An aluminum 
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Tutroduciug... PAN HEAD 
Newest Member of the CLUTCH HEAD Family 


This is the new style head approved by the American Standard 
Association ...as shown in their Publication, A. S. A. B18.6—1947 


America’s Most Modern Screw now makes Pan 


Head with the Clutch Recess available in all 
standard sizes . . . a full-ranking member of 
the CLUTCH HEAD family of Machine Screws, 
Sheet Metal and Thread-forming Screws. 


The A.S.A. establishment of the Pan Head as a 


standard style works in the interest of econ- 
omy to the user. Experience to date indicates 
that Pan Head will eventually supersede 
Round Heads and possibly other style heads 

. . With a resultant simplification of inven- 
tory by reducing the variety of screws 
carried in stock. 


SEND FOR 


Your request will bring you package 
assortment of screws, including Pan 
Head; sample Type “A” Bit and illus- 
trated Brochure. At your own desk, 


Since its adaptation to the Clutch Recess, the 


versatility of the Pan Head, in structure and 
finished appearance, has met with such popu- 
lar acceptance by CLUTCH HEAD users that we 
recommend its investigation from the angles 
of economy and greater efficiency. 


The Pan Head lends itself in a high degree of 


adaptability to the special features of the 
Clutch Recess . . . features not matched by 
any other screw and which have won for 
CLUTCH HEAD recognition as “America’s Most 
Modern Screw.” 


SAMPLES 


you can check CLUTCH HEAD’S exclusive 
features for safer, faster, and easier 
drivin£...accorded credit for stepping 
up assembly productions 154, to 50%. 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 CHICAGO 8 NEW YORK 7 
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diaphragm pressure tight to a mini- 
mum of 30 psi separates the magnets 
and provides an effective seal between 
the liquid and the gage proper. Mo- 
tion of the liquid is transmitted from 
the float through the arm to one of 
the magnets. This magnet, in turn, 
transfers its motion by magnetic force 
to the second magnet that actuates a 
dial indicator needle. To effect a seal 
in the opening where the gage is in- 
stalled, the flange is mounted on the 
tank with four studs, usually below 
the maximum liquid level, and sealed 
with a hy-car gasket. 





Pneumatic Transmitter 

The Foxboro Co., Foxboro, Mass. 
The Model 42 pneumatic transmitter 
incorporates a completely redesigned 


transmitting element that is exactly 


duplicated in the receiving instrument. 
Precise matching of the two mechan- 


isms combined with simplified linear 


calibration gives improved transmis- 
sion accuracy. Industrial process meas- 
urements including flow, static or dif- 
ferential pressure, liquid level, tem- 
perature or humidity are some of the 
applications of the instrument. The 
transmitting element is available with 
either eccentric, as illustrated, or con- 
centric scale. The case is 12 in. in 
diameter and provides room for addi- 
tional units as alarm or signal devices. 


Molded Shaft Seals 


Brummer Mfg. Corp., 1324 S. Mc- 
Kinley St., Chicago Heights, Ill. 
Two models of a molded synthetic 
rubber shaft seal have been developed. 
A pressure fit around the shaft is 
achieved through the use of a steel 
torque band in combination with a 
specially designed compression spring. 
Both are contained between a treated 
fabric liner and the rubber body. The 
cartridge type unit, used primarily as 
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a water pump seal, has an outer steel 
housing. The larger plain split-ring 
type is used as a rear main bearing 
seal in several automobile engines. 





Photo-Copying Machine 
General Photo Products 
eral Photo Building, 
Ave., Chatham, N. J. 


Quantity reproduction of printed or 
written copy and photographs can be 
accomplished with the Tru-Copy- 
Photo copying machine. No focusing, 
heating or dark room is involved and 
uniform results are assured through 
the use of the automatically-set elec- 
tric timer on the front of the case. 
The copying surface measures 14 x 20 
in. and is made of Tufflex unbreakable 
glass. Unit is furnished with all 
necessary accessories including trays, 
paper, chemicals, color filter, red pilot 
light and squeege board. 


Cë. Gen- 
15 Summit 





Midget Instruments 
International Instruments, Inc., Neu 
Haven, Conn. 


The accuracy and dependability asso- 
ciated with standard size instruments 
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is claimed for a line of midget meters 
that will fit a 1 in. dia opening. Of 
D'Arsonval design, the meters arc ob. 
tainable in six basic ranges: 0-100, 
0-200, 0-500 micro amp and 0-1.0, 
0-5.0 and 0-10.0 ma. Shunted am. 
meters, a-c and d-c voltmeters are also 


available, self-contained in cases of 
slightly larger dimensions. These in- 


struments find application in fields 
including electronic equipment and 
aircraft control panels. 


Ultra High-Speed Motor 
Bryant Chucking Grinder Co 
Springfield, Vt. 

A three-phase induction type motor 

that runs at a speed of 204,000 rpm 

on 3,400 cycle current is in the process 
of development. Designed for in- 
corporation in the spindles of internal 
grinders, the motor has specific utility 
for grinding holes of 1/16 in. di- 
ameter or less. The rotor surface 
travels at approximately 600 mph and 
exerts an outward force measured in 
tons. Made integral with the grind- 
ing wheel spindle, the rotor is car- 
ried on precision ball bearings that 
are oil-mist lubricated. A water 
jacket is used for cooling. 





Time Switches 


Sangamo Electric Co., 


lil. 


Simple adjustment of two levers ses 
the Type S time switch for automat 
“on” and “off” operation. Externá 
manual control can also be affected 
without disturbing the automatic se 
tings. The dial is calibrated in I 
minute intervals and accommodates ? 
24-hour period. Actuation 1s 


Spring held, 


from 


a high torque, synchronous, se! f-start 
ing motor that runs at 450 rpm 0 
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A | PRACTICAL MANUFACTURING 
r- —— METHODS AND THE ARTISTRY 
OF MODERN DESIGN... 


i Bath experience in practical product design and 
Co 
















proved metal forming methods is at your disposal. 


— Engineers of the Industrial Design Division will 


rpm $ ^ a . “ul be glad to work with you in the adaptation of 


rocess El GS your product designs to practical methods of 
f 1n- i i 

ternal 
utility 
|. di- 


irfacel “a for modern metal case and cabinet manufacture, 


manufacture. 


Bath has lead the way in development of methods 


h and he in design and construction of special forming presses 
ed in P | 

rind- 
;» Cr d. rs 

that p Division renders the unique service of combining a 


for a host of purposes, in the curving of extrusions, 
rolled sections and strip. The Industrial Design 


water] i t wide past experience with product design problems 
i A with a long successful history of furnishing the equip- 

ment to do the work. In our own METAL-FORM 

DIVISION we have the facilities and experience of 

production of shapes not readily formed by con- 


ventional methods. 


CALL IN BATH INDUSTRIAL DESIGN MEN: for 
— suggestions on product design, for tested methods 
| m P Me of manufacture, as a source of supply for completely 


formed parts. 


Che Cyril Bath Company 


6700 Machinery Avenue, Cleveland 8, Ohio 
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120 v, 60 cycle current. Rated at 15 
amp, single pole, single-throw silver 
contacts are operated by a lever action 
that provides positive quick-make and 
quick-break. The type SR switch is 
similar and has two "on" and two 
“off” operations. Approximate dimen- 
sions are 3 x 5 x 3 inches. 


Ribbed Rubber Mat 


Mid-West Development Co., 2185 

Scott Lake Rd., R. D. 9, Pontiac, 

Mich. 
An improved flexible mat, Sani-Flex, 
is made of high grade neoprene for 
applications where a fire retardant 
material is required or of durable rub- 
ber for general applications. In addi- 
tion to its use for standing mats to 
relieve fatigue of workers, it is ideal 
as entrance mats to buildings and 
homes, as standing mats in wet places 
and as a vibration damper under ma- 
chinery. It also has been applied in 
the pits of bowling alleys to absorb 
ball and pin impact and against sur- 
faces requiring padding of a flexible 
nature. Sheets are available in brown 
maximum 


and black colors up to a 
í6 inches. 


size of 31 x 





Amplidyne Control Unit 


General Electric Co., Schenectady 

$, N. Y. / 
A packaged amplidyne control unit 
designed for use on steel mill and 
similar mill and processing line con- 
trol applications where speed, cur- 
rent, or voltage regulation is required. 


The unit brings together in one 
18 x 12 x 11 in. package all the ad- 
justing rheostats, capacitors, rectifiers 


and instruments required for the ampli- 
dyne. In addition to performing all 
the necessary functions associated with 
regulating control circuits, the equip- 
ment provides motor speed limit con- 
trol, field forcing during acceleration 
and deceleration. 
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Cartridge Hydraulic Pump 
Sundstrand Machine Tool Co., Hy- 
draulic Div., Rockford, Ill. 


Built in three basic sizes, a con- 
stant displacement hydraulically bal. 
anced pump incorporates any one of 
four interchangeable « artridges that de- 
termine the capacity of each pump 

Twelve Jifferent capacities arc 
thus available in a 2 to 75 gpm range. 
The cartridge sub-assembly simplifies 
pump inspection and service and pro- 
vides means for quick change of pump 
rotation and capacity. As pump im- 
pulses are distributed to maintain 
complete pressure balance, bearing 
loading is reduced to a minimum. A 
system of ports connecting all pump- 
ing areas insures unrestricted flow at 
all times. Volumetric efficiency is 
said to be 90 percent with an operat- 
ing pressure of 1,000 psi and speed 
of 1,200 revolutions per minute. 


size. 





Shielded Sample Changer 


Tracerlab, Inc., 
ton, Mass. 


55 Oliver St., Bos- 


Laboratory personnel will be interested 
in the SC-9A_ lead-shielded manual 
sample changer and preamplifier that 
permits fast, accurate counting of a 
large number of radioactive samples. 
The unit comprises a two-inch lead 
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shield 11$ in. high x 63 in. diameter 
for lowering background count by a 
factor of three to five. The upper 
section of the shield holds a preampli- 
fier circuit and. Tracerlab G-M tube 
and a stainless steel sample holder is 
mounted on a slide in the lower por- 
tion of the shield. The sample holder 
is designed to take standard 1 in. di. 
ameter samples on planchets, filter 
paper and in ashing dishes, as 
well as standard radioactivity refer. 
ence sources. Geometrical reproduci- 
bility within O.1 percent is attained. 
Provision is also made for mounting 
calibrated foil absorbers between the 
sample and the G-M tube to deter. 
mine energy level of the radiation 


being measured and to lower the de. 
tected count on samples whose activity 
is sufficiently high to introduce coin- 
cidence counting errors 





Industrial Tube Socket 


American Phenolic Corp., Chicago 
To meet the requirements of manufac- 
turers of high quality electronic equip- 
ment, molded bakelite sockets have 
been developed. Design is based upon 
the electrical and structural require- 
ments of all tube types requiring the 
RMA super jumbo tube base as well 
as industrial 411 and 412 tube bases 
that have the same pin arrangement 
but a smaller shell diameter. Socket 
contacts are of high conductivity ma- 
terial and of special cloverleaf design 
providing four lines of contact along 
the tube pin. Repeated tests indi- 
cate a contact resistance of consider- 
ably less than .001 ohm at current 
levels as high as 25 amperes. The 


units can be installed above or below | 
horizontal mounting panels. Screw J 
type terminals are used to fa ilitate ] 


wiring, maintenance and assembly and | 
long surface creepage distances pe 


mit high voltage applications. 
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è The heart of the revolutionary and 
patented new Gilbarco Oil Burner 
is the “Economy Clutch” that prac- 
tically eliminates soot. It allows the 
burner’s fan to spin freely before 
the oil pump is engaged to produce 
the flame, and again lets the fan spin 
iter the burner has shut off. 

To ease the sudden impact of the 
frst operation some part had to be 
leveloped that would have resili- 
ence to absorb shock . . . flexibility 
0 maintain positive alignment... 
trength to hold the bond between 


le flexible and metal parts . . . and 


— _ ——— 


ENJAY COMPANY, 


BIW Kies 
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he silent in operation. 

The Gilbert & Barker engineers, 
working in cooperation with the 
technical experts from Graton & 
Knight, ran an exhaustive search 
and test program and found 
that the material best suited to meet 
the severe demands was—Perbunan 
Nitrile Rubber! 

If you have a problem that could 
be solved bv a rubber that also resists 
oil, heat, abrasion and water...stays 
flexible at extremely low tempera- 
tures... and holds delicate colors— 
please ask for further information. 


alist 


STREET, 


LRBUNAN 


THE RUBBER THAT RESISTS 
OIL. COLD. HEAT AND TIME 


Copyright 1945, E iy Compa Inc 


NEW YORK 19, N. Y. 












































DARNELL CASTERS 
& E-Z ROLL WHEELS 






Durable, precision-built 
Darnell Casters and Wheels 
assure the easy handling of 
heavy loads — savings in 
floor and equipment wear 
soon pay for their cost. 




























Pru hae 
TOL 


Write for Free 192 Page 
Darnell Manual describ- 
ing nearly 4000 types 


of Casters and Wheels. 















DARNELL CORP. LTD 
LONG BEACH 4 CALIFORNIA 
ORT 3M Te EE N 
36 N. CLINTON CHICAGO 6. ILL 
















Elementary Differential Equations 


| Stresses in 
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LvMAN M. Kzrrs, Professor of 
Matbematics of tbe U. S. Naval Aca- 


demy. Third Edition. 312 pages, 
54x 8in. Published by McGraw-Hill 


| Book Company, Inc 330 West 42nd 
| St., New York 18, N. Y. $3. 


Fundamental types of differential 
equations are presented with illustra- 
tive examples and numerous exercises. 
An illustrated geometrical discussion 
of solutions of differential equations 
is followed by a statement of simpli- 
fied existence theorems. These theo- 
rems are later presented in more com- 
prehensive form and illustrated with 
examples and comments to facilitate 
a detailed understanding. 

In this third edition, a better balance 
has been attempted by introducing 
theoretical discussions and expanded 
treatments. Practically every article of 
the book has been revised to give 
maximum returns for time spent in 
study. Operators have been given 
more emphasis. Answers to exercises 
presented in the text are given in the 
back of the book. 





Experimental Stress Analysis 
PROCEEDINGS of the Society for Ex- 
perimental Stress Analysis, Vol. I, 
No. V. 136 pages, 84 x 11 in. Pub- 
lished by Addison-Wesley Press, Inc., 
Kendall Sq., Cambridge 42, Mass. $6. 
$6. 

Collection of 15 papers. Titles of 
paper with respective authors are: 


Explosive Impact Tests. Paul R. 
Shepler. 

Criterion of Static and Fatigue 
Failures. Albert Sniderman. 


Experimental Determination of the 
Dynamic Structural Response of an 
Airplane to Impact Loadings. W. M. 
Claflin. 

A Proposed New Shock Measuring 
Instrument. W. P. Welch. 

Radio Pulse Telemetering. 
H. Hoeppner. 

Method of Obtaining the Stress at 


Conrad 


| the Mid-Thickness by Measurements 


from Only One Surface of a Pilate. 
A. Boodberg and E. D. Howe. 

Bonded Wire Strain Gage Tech- 
niques for Polymethyl Methacrylate 
Plastics. A. G. H. Dietz and W. H. 
Campbell. 

Discussion of Above Paper. W. J. 
Eney. 

Effect of Temperature Gradients 
upon the Introduction of Resi ual 
Weldments or Other 
Structures. J. R. Stitt. 

Recent Contributions to the X-Ray 
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FOR THE AIRCRAFT INDUSTRY 
ad military planes streak through the skies. Colossal flying 


boats and passenger transports become more and more 


at luxurious. Planes wing their way to the earth’s remotest 
nts places. Not only the aviation industry itself, but other manu- 
te. facturers, too, have nurtured this progressive growth. 
he Reynolds Wire Co. is a conspicuous example. Reynolds 
sie skilled craftsmanship, resources, and intelligent, purposeful 
H. research, as it has for years past, will continue to contribute 


to aircraft development. When it's wire cloth—consult 
J. the Reynolds Wire Co. 


nts REYNOLDS WIRE CO. 


her DIXON, ILLINOIS 
Ray 
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WATTAGE 
rating is higher 
WHERE 
BASIC 
DESIGNS 
b 
ELECTRIC 
CONTRÜLS 
ME 
RESULT 
ENGINEERED 
FOR 
HIT 


WARD LEONARD 


ELECTRIC COMPANY 


RESISTORS « RHEOSTATS + RELAYS - CONTROL DEVICES 










Ward Leonard Ribflex Resistors Are Made 
For Fast Heat Dissipation 


Size for size, Ward Leonard Ribflex Re- 
sistors have 85% to 95% greater wattage 
rating than ordinary wire-wound resis- 
tors. Flat reflexed form of resistance ele- 
ment provides a greater area for heat dis- 
sipation. Excellent for both continous 
and intermittent duty. 

Ward Leonard resistors are ‘‘Result- 
Engineered”. By modifying a basic de- 
sign Ward Leonard can often give you 
the results of a special .. . for the cost of 
a standard. 

Write for Resistor Catalog. Ward 
Leonard Electric Co., 63 South St., Mount 
Vernon, N. Y. Offices in principal cities 
of U. S. and Canada. 
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Method in the Field of Stress Analy- 
sis. J. T. Norton and D. Rosenthal. 

Lateral Vibration and Stress in a 
Beam under Shock Machine Loading, 
E. G. Fischer. 

High-Temperature Strain Gages and 
Their Application to Measurement of 
Vibratory Stresses in Turbosuper- 
charger Buckets. S. S. Manson, R. H. 
Xemp, and W. C. Morgan. 

Some Characteristics of Navy "High 
Impact" Type Shock Machines. Irwin 

igness. 

Electronic Commutation of Strain 
Gages for Telemetering. Lawrence 
Lee Rauch. 

Determination of the Effect of 
Ground Impact Forces in the Airplane 
Drop-Test. A. H. Pedersen and J. G 
MacCarthy. 





















Magnetic Control of 
Industrial Motors 


GERHART W. HEUMANN, Control 
Engineering Div., Apparatus Dept. 
General Electric Company. 589 pages 
64 x9} jn. Published by John Wile) 
& Sons, Inc., 440 Fourth Ave., Neu 

$7.50. 


York 16, N. Y. 


Performance of motors, character- 
istics of control devices, and the func- 
tion of commonly used control cir- 
cuits are explained. Considerations 
governing the selection of controllers 
to perform specific jobs are em- 
phasized. 

The 20 chapters include discussion 
Symbols and diagrams; d-c and 
a-c motors; and a-c contactors 
and relays; accessories; basic control 
circuits; protection intermittent-duty 
controllers; and maintenance. 
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The Chemistry and Physics 
Of Organic Pigments 






1 
1 


L. S, PRATT, 359 pages, 6 x 91 m 
Published by John Wiley & Sons, Inc 










i140 Fourth Ave., New York 16. $6 

This book includes a rather broad 
background of history, and discusses 
theoretical considerations of the rela 






tion between color and chemical and 
physical structure. Covered 
raw materials for synthetic 
pigments and the chemistry involved 
in the formation of colored products, 
the typical chemistry of dyestuffs and 
organic pigments, systematic considera 
tion of structural types, methods o! 
testing known and unknown pigment 
analytical procedures and identification 
and uses to which the organic pigment 
are adapted. 

In a special chapter, emphasis 5 
placed on a new interpretation of the 
significance of physical structure 8 
related to color, a factor not ordinarily 
recognized and of little importance 10 
the field of dyestuffs, but of funds 
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SPI 


SOC 


EIN 





mental importance in the field of 


| organic pigment. 
s Applications for organic ponas 
5: discussed in the book include paint, 


varnish, lacquer, enamels, printing 


d inks, carbon papers, typewriter ribbons, 
f mbber, lineoleum, natural and arti- 
P ficial leathers, paper, wax, plastics, 
I ceramics and cement. 

h 


n B 1947 Guidebook and Directory 
for the Metal Finishing Industries 


n E Annual Publication. 436 pages, 54 x 74 
ce in. Published by Metal Industry Pub- 


_ EB lishing Co., Inc., 11 W 42nd St., New 
t B y, 18, N. Y. $150. 


1 

~ This comprehensive reference man- 
ual on finishing processes combines 
the 16th edition of the Plating and 
Finishing Guidebook and the 6th edi- 
tion of the Metal Finishing Buyers 
Directory. Subjects discussed in de- 

ol W nil include: Abrasive methods, clean- 

t, Ring and pickling, electroplating solu- 

es, W tions, surface treatments, control and 

ley Ẹ testing, chemical tables, organic fin- 


ew fishes and organic finishing methods. 
A directory of product classifications 


er. § and a list of trade names are included. i 

ac- M [he book also includes an index and LM : 

ir- | alist of supplier companies. Labelled , dicti, 

jns thumb index separators are provided 

ers B for quick reference to the various sub- U ES L i E i i E: D 
m- § JECts 


The book will serve as a valuable 


* * 
‘on reference for. engineers, metallurgists applications 












ind Bind manufacturing personnel dealing 

ors B "ith the application, specification and 

rol | processing of metal finishes WHERE 
uty Ward Leonard 130 Relay easily adapted 


SPI Handbook 


SOCIETY OF THE PLASTICS INDUSTRY 


to a wide variety of requirements BASIC 


BInc. 451 pages, 6 x 9 in. Published The principle of using one basic con- MINAK 
Suciety of the Plastic Industry, struction makes Ward Leonard’s 130 
S 9 Madis n Ave, New York Relay both versatile and economical. i] 
, N. Y. $4.50 to members, $7.50 iai 
ia Merely by the selection of certain inter- 
embers. . 
$6 Is. 1 i changeable parts in the assembly we can MSESMEII! 
his book gives engineers a source " i iaai : lic 
oad Hof standard information on plastics adapt it to a thousand and one applica- T 
sss and the best practices of the plastics tions. 
rela- Bi industry. The SPI work now assumes Here again is Result-Engineering .. . 
ane J! place comparable to the handbook modifying a basic design to give you the ARE 


the $ published by The Societ Autol : ; 
| by The Society of Automo results of a special . . . at the price of a 


ani ve Engineers. 
|ved Bx standard. RESULT 
n preparation four years, threc : i 

ucts, i hundred technicians and other author Write for Relay Catalog. Ward Leonard ENGINEERED 
and üés from over 600 firms worked on Electric Co., 63 South Street, Mount 
lera M'he book. Six chapters were released Vernon, New York. Offices in principal FOR 

-- preliminary booklets in the last cities of U. S. and Canada. 
ent aree years but these have been re 
tion E vised for the final publication. Hil 


rents Æ Chapter headings of the book in- 
dude: Classification of Plastics Mold- 
I ing Materials: Molding and Forming 
f the Plastics Parts: Design of Molded 
€ L. Articles ; Design Standards for Inserts 
arly Their Application in Plastics Parts; | 
ce 1 M Standards 
ındi Plasti p 


ICS 


i$. D 


WARD LEONARD 


ELECTRIC COMPANY 


for Tolerances on Molded | RESISTORS - RHEOSTATS « RELAYS « CONTROL DEVICES 
arts; Cementing and Assem- 


| 
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Booklet Tells 


New 
USES for NICKELOID METALS 


This colorful illustrated book- 


Free 


let telis mony of the in- 
genious ways in which manu- 
focturers are using Nickel- 
oid Metals to improve the 
appearance and marketabil- 
ity of their products. Write 
for it on your company 





How can Nickeloid Metals beautify your product 
and still save money? Easy! 
terial — come to you ready to be formed, assembled. 
Nickeloid pre-plated Metals eliminate costly plating 
after fabrication . . . cut costs by saving steps. 
days of steel shortages we invite cttention to our Chrome 
or Nickel platings on base metals of zinc, copper, or 
Available in flat sheets or coils; bright or satin 
finish; plated one or two sides; wide range of gauges, 
Ask our representative to call. 


They are a FINISHED ma- 


In these 


AMERICAN 


NICKELOID 


COMPANY 
Cadaddiahed 1898 
PERU 4, ILLINOIS 








í 
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bly of Plastics; Testing Plastics Parts; 
Mold Design and Recommended 
Steels; Machining and Finishing Plas. 
tics Parts; Laminated Products and 
Their Fabrication. 

Of special interest to design engi- 
neers is Chapter 5, "Design of Molded 
Articles". Six essential steps are out. 
lined for the correct designing of a 
molded part. “Experience indicates 
that all too often when these precau. 
tions are not taken, (expensive) 
changes must be made after the molds 
are completed and the piece is in 
production.” 

The problems of shrinkage in plas. 
tics must be studied in preparing 
designs, and the amount a piece will 
shrink "is dependent upon one or a 
combination of the following factors: 
Chemical reaction, if any, in the plas. 
tic; temperature range over which : 
cools after its shape has been 

manently cuba mold, c 
with its coefficient of thermal expan- 
sion; and the degree to which material 
has been compressed in molding.” 

Tables and charts illustrate the 
effects of shrinkage in plastics, and 
precautions are outlined for avoidance 
of losses. Meeting the problem of 
distribution of stress in plastics, one 
section of the chapter deals with radii 
and fillets. An analysis of external 
and internal undercuts is outlined and 
illustrated. 

Wall thicknesses of plastics are ex- 
tremely important. Another section 
lists requirements of use— structure, 
weight, strength, insulation and 
dimensional stability; manufacturing 
requirements break down into mold 










































ing—flow, setting, and ejection, and 
assembly—mainly strength and pre 
cision. 





The importance of tapers or drafts 
is stressed, and the use of ribs "to 
increase rigidity and strength without 
increasing thickness." The reinforce 
ment of holes in plastics articles 
through use of bosses, and the design 
er's problems in such apertures ate 
covered in two sections. 

The book makes an important] 
point clear: "The designer must de 
sign specifically for molding. For 
example, it is impractical to duplicate 
by molding the appearance of 4 
handle which has been fabricated 
from wood or metal by machining 
To design a molded part of goo 
appearance calls for knowledge of the 
molding technique and mold construc 
tion." 

The "many different types of sur 
face treatment to which plastics 
readily lend themselves" are com 
mended to the designer, and techo 
ques of molded lettering and thread 
ing in plastics are covered in thre! 
additional sections. 



























V ICKER $ cUSTOM BUILT 


HYDRAULIC POWER UNITS 


onsolidate and Simplify your Hydraulic System into | 
ONE COMPLETE UNIT 






These Units are individually designed for each job to include all necessary 
pumps, valves, intermediate piping, oil reservoir, motors, controls, etc., 
and all needed hydraulic accessories (oil filters, air cleaners, oil level 
gauges, etc.) in one self-contained and compact package. Hydraulic con- 
nections to the machine are grouped in a conveniently located manifold. 

Hydraulic design is simplified immeasurably. A complex circuit is de- 
livered in a "package" ready to attach and operate. Savings in installation 
and maintenance costs alone make the unit well worth while. Another 
important advantage is the sole responsibility of Vickers Inc. for the 
complete hydraulic actuating circuit. Every Unit has the benefit of experi- 
enced assembly and is pretested at the factory so that it is ready for 


immediate operation. 
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VICKER$ Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1454 OAKMAN BOULEVARD © DETROIT 32, MICHIGAN 


Ask fo; Bulletin 47-45 describing the many advan- Sales Engineering and Service Offices: ATLANTA è CHICAGO è CINCINNATI è CLEVE 
LAND * DETROIT è LOS ANGELES « NEWARK * PHILADELPHIA è ROCKFORO 


lages o! Vickers Custom-Built Hydraulic Power Units. 
ROCHESTER e SEATTLE èe ST. LOUIS èe TULSA èe WASHINGTON èe WORCESTER 





\GINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 


4 
under con 


including costs! 


—when you use wear-resistant 
extruded Ampco Metal 


20 million impacts — without show- 
ing appreciable wear! That's the duty 
requirement set upby Cutler-Hammer, 
Inc. for the bumpers in electrical 
switch boxes. They needed a metal to 
do that job — at the rate of 30 im- 
pacts a minute (maximum). Extruded 
Ampco Metal (Grade 22) was se- 
lected. It did the job and passed in- 
spection without a sign of peening or 
mushrooming. Its exceptional dura- 
bility made important savings in 
maintenance and replacement costs. 

Yes, the famed performance ad- 
vantages of Ampco Metal more than 


met the operating requirements. And 
the production advantages of using 
extruded stock were three-fold: 






TRADE MARK 


Specialists in engineering, 
production, finishing of 
copper-bose alloy parts. 


1. Stock sizes closely parallel requirements — 
teducing waste. 


2, Close size cuts machining time and tool costs. 


3. $mooth surface and compact structure cuts 
rejections caused by hidden flaws. 


Two grades of Ampco Metal and 
two grades of Ampcoloy (industrial 
bronzes) are regularly produced in 
extruded form by Ampco. Rods in a 
complete range of sizes are available 
for immediate shipment. Scores of 
companies now use extruded Ampco 
rod for product improvement and 
production economy. Give your plant 
this double advantage. For further 
data, write for Bulletin 64A today! 


Ampco Metal, Inc. 
Dept. PE-3, Milwaukee 4, Wis. 
Field Offices in Principal Cities 
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Drawing Is Important 





To tbe Editor: 






Industry has long stressed the im. 
portance of basic technical subjects 
such as engineering drawing in college 
curricula. The current trend in col. 
leges, however, is toward a reduction 
in this basic training. In an effort to 
arrest this trend, Mr. F. G. Horton, 
General Director of the Engineering 
Society of Detroit, wrote Mr. F. A. 
Heacock, Chairman of the Drawing 
and Descriptive Geometry Division of 
the American Society for Engincering 
Education. Mr. Horton's letter con 
tained the following resolution that 
was passed unanimously by the Board 
of Directors of the Detroit Society: 

RESOLVED that The Engineering 
Society of Detroit advise the Engineer. 
ing Council for Professional Devel. 
opment and the Drawing Division of 
The American Society for Engineer. 
ing Education of its vigorous support 
of the retention of adequate training 
in Engineering Drawing in all Eng: 
neering curricula. 

This is a very timely move and | 
hope the resolution will receive con- 
siderable publicity. — GEORGE E 
ROWBOTHAM, Project Engineer Fisher 
Body—Ternstedt Div., General Mo- 
tors Corp., Member, Educational Com- 
mittee E.S.D. 

































Ed.—We second the motion heartily 






Industrial Design Courses 





To the Editor: 


With reference to your excellent 
article “How the Industrial Designer 
Works with the Engineer”, we wish 
to express our deep interest in Indus 
trial Design. This profession is prac 
tically nonexistent in this country. We 
have often felt the need of an exper 
to decide matters of eye appeal anc 
the writer must rely on the views 0 
salesmen who generally can only de 
termine that the finished produc 
“looks good” or not. 

There is no course in any of ou 
Technical Colleges or Universities 0! 
this subject, hence we would appt 
ciate very much any guide you & 
give the writer of the best means ! 
study this subject. Perhaps text book 
or a correspondence course with € 
of your colleges could be recon 
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«1| — Stop them with SYLPHON PACKLESS VALVES 
con 
E 
isher @ Costly leaks of valuable liquids or gases can be stopped for good . . . 
Mo- with Fulton Sylphon Packless Valves. They prevent waste—provide 
zom- vacuum protection—help your equipment operate more efficiently 

and economically. 
rtily The valve's dual-ply, seamless Sylphon metal bellows replaces 

customary packing . . . eliminates leakage that can seep past the 

stuffing box of an ordinary packed type valve. The bellows provides 

a positive seal—is metal-housed for protection against erosion. Avail- 

able in many sizes and types with body made of brass, bronze, cast 
= iron, cast steel, stainless steel or monel. No. 304-N Sylphon Packless Valve comes 
wish Widely used in the processing industries such as chemical plants jm sizes from 1/2" to 2" for pressures up 
dus and oil refineries; also in power plants and aboard ships—or to 150 lbs. Also available in larger sizes 
prac: wherever liquids, gases, steam or air are is No. 1304 with flanged connections for 
r. We handled. Ideal for standard equipment. Write liquid pressures up to 80 lbs. 
PP today for free Bulletin EP-813. 
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Precision Gears Made to Your 
Exacting Specifications 
When Sewall craftsmen go to work on 
your specifications, you are employing 
the extensive facilities of an experi- 
enced organization. Our engineers can 
give you valuable assistance in estab- 
lishing the one best design —then in turn- 
ing out uniform production runs. Illus- 
trated are examples of a Sewall bevel 
gear and pinion . . . worm and worm 
gear . . . helical gear and pinion... 
Zerol bevel gear and pinion. Send blue- 
prints or samples for prompt estimates 

on any quantity. 


RACKS + SPROCKETS + SPUR + SPIRAL + 
BEVEL - ZEROL BEVEL +» WORM GEARS 



















Solve Your Design, Fabrication 
and Delivery Problems by 


METAL SPINNING 
“TEINER” offers Time and Money Savings 


Metal spinning the '"Teiner" way will enable you to simplify designs and 
speed up production. In small runs you can save the cost of expensive 
dies and castings. 


"TEINER" is well qualified to be of assistance to you. As specialists in 
metal spinning for over fifty years, we are in position to offer valuable 
help in both design and production so that full advantage can be taken of 
the great savings possible through spinning, as well as the greater 
strength and finer quality of the parts produced. We are also equipped 
to fabricate commercial flange and disc heads. 


An unusual and important part of “TEINER” service is the spinning of 
stainless steel. Here again, spinning eliminates the need for expensive 
castings and machining. It will be to your advantage to submit drawings 
or samples of your parts for a cost estimate of producing your require- 
ments by spinning. Your inquiries are solicited. 


Other "TEINER"' Services 


Stamping . Fabricating .... Assembling .... Soldering .... Silver 

Brazing .... Lacquering .... Welding. .etc. TEINER assures expert work in 

all metals and in any quantities exactly to specifications. Our engineers 
are ready to cooperate with you on your needs. 


ROLAND TEINER COMPANY 


TEL. EVERETT 2669 
130 TREMONT ST. EVERETT 99, MASS. 
































| Guide,” by Harold Van Doren, pub- 


| Mr. McConnell probably can inform 
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mended. We would also appreciate 
an indication of the scope, time and 
fees of such a course at one of your 
universities, or recommendation to a 
suitable institute for us to pursue 
our inquiries.—C. (C. MACNAUGHT, 
Research Engineer, Moffat - Virtue 
Limited, Sydney, Australia. 


Ed.—Author Walter D. Teague has 
made the following comments in a 
letter to reader Macnaught: 


"The profession of Industrial De- 
sign was just as rare in the United 
States 20 years ago as you say it now 
is in Australia, but it has established 
itself as an essential factor in Ameri- 
can industry and no manufacturer to- 
day would think of bringing out an 
important product without expert de- 
sign council. 

“You may find useful my book 
“Design This Day; The Technique 


| of Order in the Machine Age" which 


has just been published in a British 
edition by the Studio Publications, 
London, at a price of 35 shillings, 
It is a discussion of the basic principles 
of design and its text is illustrated 
with 128 plates. Another useful book 
is "Industrial Design, A Practical 


lished by McGraw-Hill Book Com- 
pany, Inc., N. Y. This deals with the 
actual processes of design applied to 
manufactured products. 

“I am referring your letter to Philip 
McConnell, Executive Secretary of the 
Society of Industrial Designers, Inc., 
48 E. 49th St, New York City, for 
information regarding the educational 
courses you mention. Many of out 
universities now have courses in In 
dustrial Design, some of them leading 
to degrees. I do not know if any of 
them has a correspondence course but 





you on this point." 






Can You Help Them? 


To the Editor: 

Finland has an excellent and keenly 
scientific minded technical institute, 
Teknillinen Korkeakoulu. During the 
recent war its library was bombed and 
totally destroyed. 

On a recent trip to Finland for the 
American Friends Service Committee, 
I discussed the situation with Dr 
Martti Levon, Director of the Institute. 
He said he would welcome gifts o! 
scientific and technical books and pert 
odicals from America to take thc place 
of those destroyed. In the remarkable 
efforts for recovery that the Finns are 
making, the lack of technical library 
facilities is a very serious handicap. It 
would be a practical act of frei dship 
to a nation that holds America in high 
regard if Americans should contribute 














































PER 


Seat 





e What are your 


s| competitors doing 


‘| about shortages? 


A whale of a lot of them have converted to Kaiser 
Aluminum . .. and are staying converted. 





ok But don’t take our word for it. Read a few of their 1. STOVE MANUFACTURERS SAID: 
jue quotes, as reported by our men in the field. 
ich 
ish 
ns, 
gs. 
les 
ted 
0k 
cal 
ub- 
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to 


*When we converted to sheet aluminum for our 
gas range griddles, we were afraid consumers 
would object to its lightness. Turned out they pre- 
ferred it because it’s a better heat conductor and 
has a fine appearance. That's why we're sticking 
with Kaiser Aluminum." 


ilip 
the 
nc., 
for 
nal 


our 


ling 
; of 
but 
orm E APPLIANCE MANUFACTURERS SAID: 





"Nobody had to sell us on aluminum having plenty 
of customer appeal, but we were afraid of the cost. 
However, we found that on a unit cost basis, alu- 
minum is just as cheap or cheaper than any other 


3. MANUFACTURERS OF HEATING AND VENTILATING EQUIPMENT SAID: 


*When we switched to Kaiser Aluminum, our work- 
ers were enthusiastic. They liked its lightness, its 





enly metal. Besides, we saved money on handling and cleanness, and above all, its workability. What's 

tute, shipping. We've converted to Kaiser Aluminum for more, our customers found aluminum duct work far 

r the keeps. more efficient. We wouldn't think of changing back." 

and 

+ the What about you? 

ittee, Why wait when there’s a Kaiser Aluminum al- 

Dr loy to meet almost every type of manufacturing 

tute. operation? Why not join the more than 1,000 

s o manufacturers who today are making more than 

p" 600 different products out of Kaiser Aluminum? 

- Simply call in a P te Metals’ sales engi 
Simply call in a Permanente Metals’ sales engi- 

cable a Permanente Metals product ply call in a Permanente Metals. - 

" neer and we'll be on the job, for you: 

5 

brary 

ip. It i 

hip PERMANENTE PRODUCTS COMPANY, KAISER BUILDING, OAKLAND 12, CALIFORNIA ... WITH OFFICES IN: 

high B ile + Oakland + Los Angeles * Dallas * Wichita * Kansas City * St. Louis * Atlanta * Minneapolis * Milwaukee * Chicago 

-ibute Cincinnati * Cleveland * Detroit * Boston * Buffalo * New York City ° Philadelphia * Washington, D. C. 
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COUPLINGS 


Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 
rubber or grids to drive. All 
power is transmitted by di- 
rect pull. 


Thestandard 

“> line of Thomas 

IN| Couplings meets 

W practically all 

7” requirements. 

But if unusual 

conditions exist 

| we are equipped 

to engineer and 

| build special 
© couplings. 


PATENTED 
FLEXIBLE 


THE THOMAS PRINCIPLE 
GUARANTEES PERFECT 
BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 


Write for New Engineering Catalog 


THOMAS FLEXIBLE 
COUPLING CO. 


WARREN, PENNSYLVANIA 


| thus 


| 
| 


| 


| 
| 
| 


good technical books and periodicals 
to this library. 


Any such gifts should be marked | 
| for the Institute of Technology, Hel- | 
sinki, and sent to the Legation of Fin- | 
land, 2144 Wyoming Ave., N. W., | 
Washington, D. C. Dr. K. T. Jutila, | 
| the Finnish Minister, will arrange for | 
| their being shipped to Finland. | 
—ARTHUR E. MorGAN, Member | 
| American Friends Service Committee | 


The Golden Mean 
To the Editor: 

Mr. Le Corbusier's "Modulor'" sys- 
tem of measurement is of great in- 
terest to me. 

The "Modulor'" is essentially the 
system of the "golden mean" and the 
geometric connection with proportions 
of the human body is attributed to 
the German artist A. Durer. 
Corbusier represents his system in the 
same mystical form as did the ancient 
mathematicians but this is unnecessary. 
Taking your equation 

YD» " D.C; = l 


we have \/5 as the diagonal length and 
AE = V5 — 1 = 1.236 
EC:= 0.764 
AE 1236. 
EC, 0764 
In modern usage, one might say that 
Mr. Le Corbusier wants to step sizes 
in the ratio of 1.61 and to introduce 
the series 
l 1.61 2.6 4.2 11.1 
This series actually approximates the 
standard Preferred Number System of 
l 1.6 A 4 10 


making 


= 1.61 


6.85 


6.3 


which fits into the decimal system. 
The connection of the human body 
with geometrical relations is quite nat- 
ural for the builder and architect as 
he has to build for human beings and 


Mr. Le | 


| 
| 
| 


| 


has to use dimensions fitted to them. | 
This was already apparent to the an- | 


cients and the Roman architect Vitru- 
nius described his system by placing a 
human being in a circle as illustrated. 
Obviously, the smaller square has half 
the area of the larger one. In modern 


Ji TY eRe 


"LECCÓ € 


SPECIFICATIONS 


Skilled operators and Booth-designed [f' 
machinery combine to give you the f 
utmost in accuracy of die-cut mechani- 
cal felt parts. Specifications are ad- 
hered to precisely. No deviations io 
size or thickness . . . the last felt part 
in any one lot is an exact duplicate of 
the first. 

Prompt deliveries are routine at 
Booth and your order, small or large, 
receives interested attention. 


APPLICATION CHART AND 
SAMPLE KIT... contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 


THE BOOTH FELT COMPANY 


475 19th Street Brooklyn 15, N. Y. 
736 Sherman Street Chicago 5, lll. 
2320 


oth 


1240€ mate 


PRECISION CUT 
FELT PARTS 
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Where Performance . .. Because with MicROCAsT, in the production of small 


parts up to 4 oz., you can now use to full advantage the 


high melting point, non-machinable alloys which offe 
extreme resistance to abrasion, heat, corrosion, and 
Counts maintain strength and hardness at high temperatures. 
MICROCAST permits the use of these alloys because even 
ON SMALL CASTINGS intricate shapes as cast are precision smooth, of sound 
structure and to such dimensional uniformity that virtu- 
ally all machining is eliminated. 


pai MicroCast / 


i 


|! 


| 
j 
d 


Ea 
5E 
E 

p 
p 
E 
E 


HA 


DETE 


M tm COSTS THRU MICROCAST The names Microcast and Vitallium are Registered 


. Requires no expensive machine tool Trade Marks of Austenal Laboratories, Inc. 
equipment, dies, jigs, or fixtures. 


. Little or no machining required. 
. In many instances plating is eliminated. 
. In production months faster than many 
other methods. It will be advantageous to the forward-looking engineer 
. Adaptable to both small and large vol- and production executive to investigate the possibilities of 
ume production. the Microcast Process. Substantial improvement in parts 
. Low capital expenditure makes it ideal used in machines and equipment may follow. Austenal 
where design changes may be frequent. . :| Laboratories will be pleased to cooperate with industry 
toward producing Microcastings to meet special require- 
ments and specifications. Our present capacity is 1,000,000 
Microcastings per month, 


AUSTENAL LABORATORIES, rNc. 
224 East 39th Street, New York 16, New York 
9932 South Wentworth Ave., Chicago 21, Illinois 


COPYRIGHT 1947, AUSTENAL LABORATORIES, INC. 
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usage, we say that the length of one 
side is the 4/2 of the other. This 
leads to the following series. 

1 v1 3 343 @ 492 1| 
which again approximates the Pre. 
ferred Number System. This was 
well known to medieval architects, was 
used during the French Revolution for 
paper sizes and was re-invented some 
twenty years ago. Would not this 
system be preferable to the “golden 
mean”? Or, why not be still more 
liberal and modern? Instead of using 
one strict series, allow the Preferred 


E LI MI NAT E Number — with its psp of 
TAPPIN "e COS TS Moe and contraction to rule on 


—P. Gropzinskl, A.M.1. Mech. E. 

London, England 

Ed.—The standard Preferred Number 

System is slowly but surely finding 

more adoption. Why hesitate about 
using it? 

























Here's how it's done. The slot, correspond- 
ing to flutes of a tap, provides two balanced 


cutting edges and a chip reservoir. 
In oe note chips = and asies ahead. pp 


E L^ I’m returning the release on the 


H OLT | Pe E14 RQ J WS compressor—but puleeze, can’t we say 
d a little bit more about our designers? 
Something like this perhaps: 














Styled vs Designed 













Styling was done by the well- 
known industrial design team of 
Jinx & Blinks whose talents give 
to this product the maximum 
efficiency in a minimum of 
space.* 

*If you think this is too long— 
| you can always cut some of the techni- 


| cal stuff!—R. E. C 






















Do not confuse this remarkable new screw 
with the ordinary self-tapping screws that 
forcibly displace the material by a cold 
forging action. 

Fundamentally a narrow fluted two-flute 
tap, this new “TAP” screw actually removes 
the material when cutting its own perfect mat- 
ing threads to effect tighter, stronger fastenings 
that resist vibration. 

Fine or curled metal chips, and tough, 

gummy non-metallic cuttings free themselves 
readily in the open slot reservoir to prevent 
binding. The two balanced cutting edges of 
slot cut threads much deeper than their own 
diameter. 
* Eliminate tapping operations by using 
HOLTITE "TAP" screws in metal, castings, 
alloy, rubber, plastics, ete. You'll get stronger 
fastenings at less cost! 








| To the Editor: 


We still hate being credited as 
merely having "styled" the produc. 
Can't you bring yourselves to ust 
"designed"——since we are industria 
designers, without any doubt? — 
D. R. S. 


Ed.—But our engineering design 
readers insist that they do the design- 
ing. So do we. 




















JUL 






"— — 





The Alloys Are Better 


To tbe Editor: 


I have read with interest you 
Reference Book Sheets entitled "Ap 
plication Tables to Guide in the Sele 
tion of Materials,” in the November 
and December issues of PRODUC 
ENGINEERING. 

However, I believe a certain amount 
of confusion exists on page 165 0 
the December issue. Listed under 
cast iron applications is a group 


wy" 











BK 
LEERLO 
specialized grades of cast iron: 
ELE "Meehanite, nickel, molybdenur 


| and copper alloyed cast irons." Unde: 
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By W. Haddon Judson, President 
Judson Brothers Co. 


Collegeville, Pa. 


N the manufacture of farm imple- 
| ments, we are searching con- 
santly for production methods that 
will reduce costs and yet maintain 
high quality and wherever possible 
improve the strength and perform- 
ance of our implements. One out- 
standing example of cost reduction is 
illustrated in the recent conversion to 
welded design for the agitator shafts 
f our lime and fertilizer spreaders. 


A simple change in the design of 
me part for welded assembly has 
cut the shop costs of these agitator 
shafts from $6.96 to $4.03, represent- 
ing a saving of 42% on these units 
alone. In addition to these cost sav- 
ings, we have improved the per- 
iormance of our product. 


Originally, the agitator blade units 
were made from individual parts of 
conventional construction, each of 
which required several machining 
yperations. The center hole had to 
be machined and a radial hole drilled 
ind tapped. A set screw was then 
inserted for anchoring the blade unit 
to the shaft. With the welded design, 
the pressed alloy steel agitator blade 
units are slipped over the shaft and 


Redesign f 





itator shaft assembly showing welded blade units and sweep 
bars, All welded center plate is shown at right. 
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or Arc Welding 
Cuts Costs 42% 


Fig. 1. Left: The former agitator blade unit. Right: The pressed steel unit, now used. 


permanently assembled in place by 
tack welding them to the shaft. Hence, 
with this construction, the blade 
units become an integral part of the 
shaft, and this eliminates any possi- 
bility of the blades working loose in 
service. [he weldine is done with 
M6 *Fleetweld 37 

Lincoln *Shield-Arc" 


electrode and 
welders. 

lI he blade units are welded to the 
hub of the blades as shown in Fig. 2. 
[his simply requires a tack weld be- 
tween the bars and the hub of the 
blade unit. This design, made prac- 
tical by welding, increases the thor- 





oughness of the agitation, furthe: 
improving the performance of our 
spreader. Attaching sweep bars with 
our former construction would have 
been a difficult and costly operation. 


[he same principles of welded 
construction used in fabrication of 
our agitator shaft assemblies, are 
used also in building the center bear- 
ing support plate by welding the 
center bearing to a sheared steel 
plate as shown in Fig. 2. The main 
framework and body of the spreader 
lie. 3) are also ot ar welded steel 


construction. 


Fig. 3. All welded Judson lime and fertilizer spreader. 


The above is published by LINCOLN ELECTRIC in the interests of progress. Machine Design Studies sent to engineers and designers, 
free on request. The Lincoln Electric Company, Dept. 23, Cleveland 1, Ohio. 
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you need 


Radio Parts... 


in quantities 
suitable to Volume 
Production...it may 
pay you to call upon 
the Design Engineers 
of United-Carr and its 
7. subsidiaries. 
Pa 
They have helped many 
manufacturers 
* CUT COSTS 


* SPEED PRODUCTION 


* TURN OUT FINER 
FINISHED PRODUCTS 


UNITED-CARR 
FASTENER Corp. 


^ E 
ASSACHUSET! 
CAMBRIDGE 42, M 


MAKERS OF FASTENERS 
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remarks, is a list of qualities that do 


| not apply to these specialized cast 


irons. Meehanite is hardly a low- 
strength material, and it is not brittle 
after heat-treatment. — RONALD A. 
WONDER, Newark, N. J. 


| Ed.—Reader Wonder is correct. The 
| remarks pertain only to ordinary cast 


iron. The alloy cast irons including 
Mechanite possess markedly superior 
properties, 


Many Thanks 


| To the Editor: 


Let me congratulate you on good | 
practical and spiritual sense in your | 


editorial of October, 1947, "The 


| Buncombe About Engineers and Poli- | 


—FREDERICK FRANZ 
New Haven, Conn. 


tics." 


lo the Editor: 

Allow me to thank you for your 
editorial “The Buncombe About En- 
gineers and Politics”. The engineering 
profession is suffering from educa- 
tional time limitations caused by this 
buncombe.—CaRRoLL D. BILLMYER 

Kingston, R. I. 
Ed.—There are many more that feel 
about it just as keenly. More should 
go on record. 


To the Editor: 


In your November issue of PROD- 
UCT ENGINEERING you have written 
an excellent editorial, entitled "Play- 
ing It Safe Is Often Dangerous." 

Our staff frequently uses your mag- 
azine for reference. We feel it would 
be of great advantage to insert copies 
of this editorial in our student's note 
books. 

JOHN L. Dickinson, Chief Engi- 

neer 
Cal-Aero Technical Institute 
Ed.—Glad you feel that way. By 
all means use the editorial. That's 
why we write them. 


To the Editor: 

Congratulations on your editorial 
‘Some Are Merely Bricklayers.” Your 
point is well taken and nicely stated. 
It should be required reading for 
every professional man.—W. R. 
HouGu, Chief Engineer, The Reliance 
Electric & Engineering Co. 


United We Stand 


| To the Editor : 


The article “ECPD Raises Profes- 


sional Standards of the Engineer” pub- | 


lished in the Technical News High- 
lights section is most interesting. 
I would like additional information 


A NA CYLINDERS 


EP TNT 


Pressing bearings 
or bushings is being 
done quickly at low 

cost with Ledeen 

Heavy Duty 


Cylinders; 
Push 


or pull, 


replacing 
costly 
presses. tilt or turn, 
° lift or lower, 
open or close, 


Send for 
Bulletin 


press or squeeze, 


Available 
from stock 


ENGINEERING PRODUCTS CO. 


LEDEEN MANUFACTURING DIVISION 
1602 SAN PEDRO * LOS ANGELES 15, CAL 


= TERMINALS = 
for 
ELECTRIC WIRES 


and 


SMALL METAL 
= STAMPINGS = 


IN ACCORDANCE 
WITH YOUR PRINTS 


Modern Plant and Methods 
Moderate Die Charges 
Precision Work 


PROMPT SERVICE 


PATTON-MacGUYER CO. 
17 Virginia Ave. 


| PROVIDENCE 5, RHODE ISLAND 
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A CONTRACT PLACED WITH US 


Aluminum, to you, means production parts. It is EXPANDS YOUR PLANT TO INCLUDE: 
@ Machine Shop and Die-Making Facilities 
@ Four Large Fabricating Plants 

a piece of the product on which you profit. The quality » esie DRM Rolling Mills 

of an aluminum component, like a link in a chain, sets @ Wide Range of Stamping Presses 

€ Heat-Treating Equipment 

@ Gas and Electric Welding 

@ Complete Finishing Equipment 


something you buy as a component of what you sell, 


the value of your finished product. 


That is why we say, “Our Golden Anniversary... 
Your Aluminum Opportunity.” 


The Metal Men of Manitowoc have been working 
aluminum to precision tolerances since its pioneer days. 
And, after half a century of success in the industry, 
we are looking ahead to the next fifty rather than 
back at the first. Ve 


With thi 4 fid h h ALSO MAKERS OF 
ith this spirit, we are con ent that, together, we MIRRO 


shall progress still further in the years to come. : 
The Finest Aluminum 


: 
CONTRACT, AUTOMOTIVE AND AVIATION DIVISIONS — 


AE NI | 
— "Ma NM CEN = x -: 
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YOU CAN GET A LACQUER TO RESIST 


WATER... 


— A M À X — Ó À P € e — ® 


PRE 
i % 
od Rae paced 


BUT WILL IT BE RUINED 


we SWEAT? | 


Unichrome Coatings offer you the Right Combination 
of properties for your product...every time! 


AIR-DRYING LACQUERS seldom 
resist exposure and perspiration 
equally well. But often, that’s just 
the combination you need for dec- 
orative hardware. The right combi- 
nation also includes hardness, high 
gloss, extra adherence. Unichrome 
Coating A-112 supplies them all. 


In fact, one lock manufacturer not 
only greatly improved his product 
with A-112’s combination of prop- 
erties, but actually saved produc- 


tion time. Its exceptional adherence 
eliminated his need for cleaning 
brass after buffing. 


Whatever you make, chances are 


there’s a Unichrome Coating that’s | 
exactly right for your product—for | 
service requirements, for eye-appeal. | 
It will pay you to look it up. Write | 


us today on the properties you need 
in a coating, and we'll send you 


full information. No obligation, of | 


course. 


SYNTHETIC COATINGS AND LACQUERS 
Products of 
UNITED CHROMIUM, INCORPORATED 


51 E. 42nd St., New York 17, N. Y. * 


Chicage 4, tl. » 


Dayten 2, Ohie * 


Detroit 7, Mich. * Waterbury 99, Cenn. 


Les Angeles 11, Cal. 


regarding the Engineers’ Council for 
Professional Development. Would 
you be kind enough to send me the 
full address? 

May I take this opportunity to com. 
pliment you on the work of your ex. 
cellent magazine. There are man 
enpineering magazines, but PRODUCT 
ENGINEERING is the outstanding one, 
definitely in a class by itself.—Cues. 
TER A. WOLFGRAM, Milwaukee 4, 
Wis. 


Ed.—The address of ECPD is: Engi- 
neering Societies Building, 29 W, 
39th St., New York 18. 


Diagram Clarified 


To the Editor: 

In nomograms of three parallel 
scales or combinations thereof, each 
computing secant cuts across all three 
scales. But when these are interlaced 
in combination, such as in the nomo- 
gram of H. F. Bariffi in PRopucT EN. 
GINEERING, July 1947, page 177, on 
Moment of Inertia by Torsional 
Pendulum, the significant intersections 
are not evident. To make them so, 
it would be advisable to use dots at 
these intersections and break the 
dashed lines of the secants at the other 
crossings, as in sketch. Then no text 
is needed for using the nomogram. 

Unless there is some virtue in hav. 
ing the L scale run opposite to the 


rest, it would seem best to have all 
scales increase in the same direction, 
preferably upward. Set up in this man- 
ner, there would be less likelihood of 
error in reading. The re-arrangement 
of scales in the sketch does this. Evety 
nomogram should also show the alge- 
braic equation on which it is based, 
and should include a sample calcula 
tion drawn upon it. 

By naling and timing the body 
in this way, together with the use of 1 
solid comparison cylinder, the related 
radius of gyration R can be found; 


since R* — z as in PRopucr EN 


GINEERING, January 1946, page 88. 
—CARL P. NACHOD 
Louisville 4, Ky. 


PRopucr EwGiNEERING — Mancu, 1948 





